Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



MAN UAL 

LOGARITHMS 

PRACTICAL MATHEMATICS; 

i TBE UBB OF STUDBHia, BNOTNEEBS, HATIOAIOHS, AJ 




BY JAMES TROTTER, 



3^ 



EDINBURGH : 

OLIVER It BOYD, TWEEDDALE COURT; 

aiUPKIN, ICARBHALL, * 00. LDNOOK. 

UDCCCXLl. 



ENTERED IN STATI0NEB8* HALL. 

yrinted by Oliver 6c Boyd, 
Tweeddale Court, High Street, EdiDborgh. 



PREFACE. 



The chief design of this Puhlication is to supply a concise 
Mathematical Text-book, for the use of schools and professional 
men. The principal difficulty in producing a work of this kind 
arises not from the scarcity of materials, but from their super- 
abundance ; and the Editor has ,been especially anxious to 
introduce such Tables only as are of the most extensive appli- 
cation, and to exclude others which would have increased the 
price of the volume without enhancing its value. As the 
utility of Tables for practical purposes depends in a great 
measure upon their accuracy, the utmost care was exerted to 
attain this desirable end ; the whole having been rigidly col- 
lated with the best works, British and Foreign, and numerous 
computations instituted with a view to test their correctness. 
They may therefore be fully depended upon in the nicest cal- 
culations. 

In the introduction, clearness rather than elegance of lan- 
guage has been studied, and it is confidently trusted that the 
illustrations vrill be readily understood, and that the examples, 
which are performed at length, will greatly assist the student 
in arranging his materials in the most suitable form. The 
construction of the principal Tables has been explained in 
order to enable the learner, if he should think fit, to verify the 
results, and also to extend the decimal places farther in cases 
which require very great precision. 

The various Formulae given under the heads Compound 
Interest and Annuities, Mensuration, &c. have been princi- 
pally selected from the volumes of Bailey, Hutton, Bar- 
IK)W, Gregory, and Cagnoli, and as great vigilance has been 
exercised in superintending the press, it is hoped they will be 
found free from any material error. By such learners as have 
but a slight knowledge of Algebra, these formulae will be 
preferred to Rules expressed in words; and they will in all 
cases prove extremely useful to Surveyors, Engineers, and 
Mechanics. 

Edxitburoh, January 1841. 
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MATHEMATICAL TABLES. 



PXPLANATION AND USE OF THE TABLES. 

TABLE OV LOGARITHMS OP NUMBERS. 
Defiititian and Natalioa ofLagarithmt. 

Logarithms are a set of artificial uumbcrs ioFcnted and 
formed iotti tables for the purpose of facilitating aritlimetical 
computatiouB. They are adapted to the natural numberB in 
such a manner, that by their aid Addition supplies tlie place 
of Alultiplication, Subtraction that of Diriaion, Multiplication 
that of IiiTolution, and Diriaiou that of Evolution or the 
Extraction of Roots. 

Let a series of numbers io aritlimetieal progresaiou be 
adapted to another in geometrical progression, so that the 
least term of the one may correspond witli the least term of 
the other, and the rest in order, thus, 

Arith. Prog. 0, ], 2, 3, 4, 5, 6, 7, &c. 

Geom. Prog. 1, 4, l6, 64, 256, 1024, 4C96, 16384. &c. 

Now let it be required to multiply together any two terms 
of the geometrical series, as l6 and 64. This may be done 
by adding 2 and S, the corresponding terms of the arithme- 
tical series, for the sura 5 is the term corresponding to 1034, 
the product. Again, if we wish to divide any term of the 
geometrical series by any other, as 1024 by 16, we Lave only 
U> subtract 2 from ,^, the corresponding terms of the arith- 
metical series, for the difference 3 is the term corresponding 
to the quotient 64. 

Hence tlie use of such an adaptation is manifest ; hut it ia 
very limited in the present state of the seriea. We may, 
however, easily extend it by interposing an arithmetical 
mean between every two terms of ibe aritViwic^Aui wM\«a, tisAl 
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8 EXPLANATION AND USE OF THE TABLES. 

a geometrical mean between every two terms of the geome- 
trical series^ when the number of the terms will be doubled^ 
thus^ 

Ar. Pro. 0, 0-5, 1, 1-5, 2, 2*5, 3, 35, 4, 4-5, 5, 55, 
Geo. Pro. 1, 2, 4, 8, l6, 32, 6*4, 128, 256, 512, 1024, 2048, 

6, 6-5, 7, 7-5, &c. 
4096, 8I92, 16384, 32768, &c. 

These progressions may again be interpolated in the same 
manner by new terms, and the process carried on continually, 
till at length every inlieger shall occur in the geometrical series, 
or a number so near to it, that the difference may be neglected 
without sensible error, and tben the numbers in the arith- 
metical series corresponding to these integers may be called 
their logarithms. 

In forming the common tables of logarithms, the progres- 
sions first assumed, were 

Arith. Prog. 0, 1, 2, 3, 4, 5, 6, &c. 

Geom. Prog. 1, 10, 100, 1000, 10000, 100000, 1000000, &c. 

New terms were continually interpolated, in the manner 
shown in the former series, until the natural numbers 1, 2, 
3, 4, &c occurred in the geometrical series ; and then the 
numbers in the arithmetical series, corresponding to these 
natural ones, were taken to compose the tables of logarithms. 

Logarithms may also be considered as the exponents of the 
power to which a given number must be raised, in order to 
produce all the natural numbers. 

Thus, let r be any given number, and let such values be 
successively assigned to a; as will make r* = a, y*' := 6, 
r^' = c, &c. ; then x, af, a/', &c. are the logarithms of «, 6, 
r, &c. respectively. 

If a: = 0, then y = 1 whatever be the value of r ; hence 
in every system of logarithms, the logarithm of 1 is = 0. 
Hence, also, when a; == 1, it is obvious a will be equal to r. 
The constant quantity r is called the radix or base of the 
system, and in every system it is that number whose loga- 
rithm is 1. 

Since, therefore, r may be assumed of any value greater 
or less than unity, it is evident that there may be innumer- 
able systems of logarithms answering to the natural numbers ; 
but since 10 is the ba^e of our system of arithmetic, it has 
accordingly been assumed as the base of our common tables 
of logarithms ; therefore, 
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Let r= 10 and vre Iiave 10-3 = _i_ |0"»= j^, 10-'= 
^, 10" = I, 10" = 10, 10' = 100, 10' = 1000, &c., that 



is, the log. of j^;;^ or -001 is — 3, of jjj^ or -oi is — 2, of 

l^or-l is— I, of 1 isO, of 10 is I, of 100 is 2, of 1000 is 3, 

S:c Hence it is erident that the Ingarithm of any number 
falling between '001 and -01 »ili be — 3 + some fraction ; 
HuA of aDy Dumber between 01 and 1 will be — 2 + some 
fraction; that of a number between •! ami 1 will be — 1 + 
Nme fraction ; that of a number between 1 and 10 will be a 
poper fraction ; that of a number between 10 and 100 will 
be 1 + some fraction ; that of a number betiveen 100 and 1000 
will be 2-f some fraction, and so on. It is therefore manifest, 
that in this syBteni the logarithm of any number and that of 
auotber, 10, 100, 1000, &c. times greater or less will consist 
oF tbe same decimal fraction, and difler only in the integral 
part; so that Etll numbers, whether they are integers, deci- 
inals, w partly integral and partly decimal, have the same 
positive quantity for the decimal part of their logarithni ; 
thus. 
The logarithm of 183,q is 3-2R4.582 

183-g is 2-264582 

18-39 is 1-264.582 

1-839 is 0-264582 

-1839 is 1-264582* or 9-264582 

-018S9 is 2264582 or 8-264582 

-001839 is 3-264582 or 7-264583 

PROPBRTIEa OP LOOARITBHS. 

1. Let a and 1/ be any two numbers, and let r" ^ a and 
r^ r= 6 ,■ then x is the log. of a, and a/ the log. of b. Now - 
nx6 = »*X?-*' = r'+''; but the log. of r'+'^ — r + i£, 
therefore the Ic^. of a x6 ^ x-\-x' := log. a + log. fi. In 
like manner, it may be shown, that log. a X f> x c x &c. ^ 
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10 EXPLANATION AND USE OF THE TABLES. 

log. a + log. b + log. c + &c. Hence the logarithm of the 
product of any number of quantities is equal to the sum of 
their logarithms. 

2. Again, t = -^, = r*"*'; but the log. of /*— *' = ar — 

acfy therefore the log. of v = a? — oif •=. log. a — log. b ; 

lience the logarithm of the quotient of any two numbers is 
equal to the difference of the logarithm of these numbers^ or 

the log. of a fraction r is equal to the log. of the numerator^ 

minus that of the denominator. If a is less than b, then log. 
a — log. b is negative ; consequently the logarithms of sdl 
proper fractions are negative. 

3. Let a = r* be raised to the wth power, then a" = r**; 
but the log. of r^ is xriy therefore the log. of a* = a:w = w 
times the log. of a. In like manner, taking the nth root of 

\ X x 

a = r*, we have a** = r" ; but the log. of r"^ is -, therefore 



1 _ f _ iSiie . 



the log. of a" =: - = ; hence the logarithm of the »th 



n n 



power of any number is equal to its logarithm multiplied by 
n, and the logarithm of the nth root of any number is equal 
to its logarithm divided by «. 

4. Let a, wa, w^a, w'a, &c. be a series of numbers in geo- 
metrical progression, such that x is the log. of a, and y that 
of n ; then r^ -=. a and r^ •=. n ; and the logarithm of the 
numbers in the geometrical series will be y*, y* + y, y* + ^, 
r* + ^y, &c. which evidently form an arithmetical progression ; 
hence, as before shown, if a series of numbers are in geome- 
trical progression^ their logarithms are in arithmetical pro- 
gression. 

5. To insert m geometric means between a and y. In the 
equation y =: ar"""^ let w = m-i-^, then the ratio r = 

(y\m + i j^mj i^g^ y -. og* y og- ° . hence the several 
a/ ' ° TO + 1 

means are ar, ar^, ar^, &c. . . . «/•"», and their logs, are log. 
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a+log.r, log. (i+2log. r, log. n+3lng, r, &c. .. log. a-\-m 
log. r. Thus, supjiose it were required ti> insert 10 geuinctric 

meao 3 between 1 and 2; Lece log.a^O, and log. »"= jT 'og. 2 = 

0-02736636 ; Iieuce r = 1-06504.1, and tlie logarithms of the 
consecutive terms are 2 log. r, 3 log. r, 4 log. r, &c. The 
progression is tlierefore I, 1-OC504I, 1-134319, 1-208089, 
I-S8C665, 1-3703J1, 1-459480, 1-554406, 1'655506, 1763182, 
I '877862 aud2. 



APPLICATION D 

The iades or integral part of the logarithm of any whole 
DT mixed number, as has already bpen shown, is always onf 
fegg than the number of integral figures of which the number 
consists ; and in decimal fractions, the index, which is nega- 
tire, is that number which points out lAe distance ofthe/iral 
rignijicant Jijure from the place of units. Instead of nega- 
ti¥e indices, their aritltmelieal complements to 10 are often 
used. Thus, if there Is no cipher between the decimal point 
and the first siguilicant figure of the decimal, the indes is 1 
or 9 ; if there is one cipher between them, the index is 3 
or 8 ; if two ciphers are between them it is 3 or 7, and so on. 

The indices being thus readily found arc omitted in the 
common logarithmic tables, and the decimal part only of the 
logarithms inserted. 



L If the given number is not greater than 100, the lo- 
garithm with its index prefixed will be found in the lirst 
page of the table immediately opposite the number ; thus the 
tog. of ti5 is 1-812913, and that of 88 is 1 ■944483. 

II. If the number consists of three figures, it will be found 

in the margin on the left-hand side of the page, and the 

uimal part of its log. immediately opposite in the column 

' " ■' s the log. of 536 is 2-729165, and that of 760 



I 



I 



III. If the number consists of four figuresj the first three 
|1 be Found in the margin un the left-hand side of the page, 
i imnaediately opposite, and under the fourth figure found 
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at the top of the page will be got the decimal part of the lo-' 
garithm ; thus the log. of 7846 is d'894648> and that of 37*56 
is 1-574726. 

IV. If the given number consists of more than four figures, 
find the logarithm of the first four figures as before directed ; 
multiply the difference between this logarithm and the next 
higher in the table by the remaining figures of the given 
number, and cut ofi^as many figures from the product as are 
in the multiplier, the remaining figures added to the loga» 
rithm of the first four figures will give the logarithm required. 

Note. The mean difference given under D in the right-hand 
column may be used, except in the first three pages of the table, where 
they vary rapidly. To find the logarithm of 476*384. Opposite to 
the number 476 in the margin, and under 3 at the top is -677881, 
the difference in the column D on the right hand of the page is 91« 
which multiplied by 84 and two figures cut off, gives 76 to be added 
to '677881, and since there are three integral figures the index is 3 ; 
the logarithm of 476-384 is therefore 2-677957. Again, to find the 
logarithm of 1056 472. The log. of the first four figures is -023664, 
the difference between this and the next higher in the table is 411 
(that in the column marked D being 412). Now 411 x 472, and 
three figures cut off, gives 194, which added to the log- of the first four 
figures, and the proper index prefixed, we have 3*023858 as the re- 
quired logarithm. If the number had been 105647 2, the decimal 
part of the logarithm would have been the same, but the index 
would have be«n 5. 

As examples for practice, find the logarithm of 

4719 . . . Ans. 3-673850 

47218 . . . Ans. 4-674108 

210-394 . • . . Ans. 2*323034 

7218-65 . . . Ans. 3-858456 

21056-3 . • . . Ans. 4-323382 

714219-5 . . . Ans. S'SSSgSg 

•0009146 . . Ans. 4-961231 or 6-961231 

Problbm II. To find the number ccHrespondiog to a given 
logarithm. 

If the given logarithm be found in the table, the first 
three figures of the number will be found on the same line in 
the left-hand column of the page, and the fourth at the top or 
bottom of the column in which the logarithm is found But 
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if the logarithm be not found exactly in the table, take the 
number answering the next less ; subtract this log. from the 
given one, aud also from the next greuter in the table; and 
annexing ciphers to the first remainder, divide it by the other, 
or by the mean difierence found in the column marked D, to 
find the fifth, sixth, &c. figures of the number. The integral 
[ilaces must alvays be one more than the units in the index uf 
the given logarithm, and the rest decimals; thus 

To find the number answering to the logarithm 3-721906. 
This log. is not found in the table, but the nest less is -721893, 
and the number answering to this is 5971 ; oo"' the difference 
between the given log. and that next leas found in the table 
is 13, and the difference between that found in the table, and 
2 (that in the column marked D is also 



: next greater 



; hence 1300 -; 



respond in 



log. 3-721906 is 5271'1S. 



18; the number, therefore, 1 



Ans. 5fi7-67 
Ans. 11732-08 
Ans. 3272-13 
Ans. -0231672 
Alia. -000199915 
Ans. -1638187 



Find the numbers answering the following logarithms : 
Log. 2-7fl«96 
Log. 4-069375 
Log. 3-721986 
Log, 3-364873 
Log. 4-300847 
Log. 1-219634 

PnoBLEM III. To find the arithmetical complement of a 
logarithm. 

Subtract the logarithm from 10, an integer, or subtract the 
riuht-band figure from 10, and all the rest from 9- thus the 
arithmetical complement of 2-730459 is 7-269541, and of 
3-826464 is ia-173536. 

Proalbm IV. To perform multiplication by logarithms. 

Add the logarithms of the factors, the sum is the logarithm 
of the product ; thus, 
~' To multiply 78^5 by 873. we have 
'" Log. 7825 = 3-89.3484 

log. 873 =2-941014 

. log. 6831218-8 = C-834-498 their sum. 
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The correct product is 6881225, or 6'2 greater than that 
found by the logarithms ; but when there are various opera- 
tions the final error is scarcely appreciable as the slight in- 
accuracy of one operation generally balances that of another. 

Note. A neffative index must be subtracted when the logarithm 
is added, and added when the logarithm is subtracted; thus, 

To multiply 786 by '0073 

Log. 786 = ,2-895423 or- 2-895423 

log. -0073 = S'^63323 7-863323 

log. 5-7378 = 0-758746 0*758746 

Note. — ^When the positive index is used, in adding, we reject 10 
from the index, but in subtracting, we borrow 10. 

Multiply 78-36 by 8-5 Ans. 66606 

Multiply 210-4 by -00372 Ans. -7826875 

Multiply 486-95 by 2-0087 Ans. 978-1364 

Multiply 21896 by 274-35 Ans. 6OO7166-7 

Problem V.. To divide one number by another. 

Subtract the log. of the divisor from that of the dividend, 
the remainder is the log. of the quotient ; thus, 

To divide 78634 by 27, we have 

Log. 78634 = 4-895610 
log. 27 = 1-431364 

log. 2912-37 = 3-464246 difference. 
The quotient is true to the last place of decimals ; again, 

To divide 7856 by -0053, we have 

Log. 7856 = 3-895201 or 3-895201 
log. -0053 = 3-724276 or 7-724276 
log. 1482263 = 6-170925 6-170925 

Divide 274-15 by 3-5 Ans. 78-3285 

Divide 48l60 by 27*6 Ans. 1744-928 

Divide 57-486 by 389-5 Ans. -147589 

Divide 2816-4 by -0038 Ans. 741 158 
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Pboblbm VI. To work a proportion by logarithms. 

From the sum of the logs, of the second and third terms 
take the log. of the firsts the remainder is the log. of the 
answer: or 

Add together the arithmetical complement of the log. of 
the first term and the logs, of the second and third terms, 
the sum is the log. of the answer ; thus, 

Let the proportion be 27 : 45 : : 63, then 

Log. 45 = 1-653213 or log. 45 = 1-653213 
log. 63 = 1-799341 log. 63 = 1-799341 

Sum, 3-452554 ar. co. log. 27 = 8'56S636 

log. 27 = 1-431364 log. 105 = 2-021190 

log. 105 = 2021190 diff. 

If 12 men perform a piece of work in l6 days, how many 
will do it in 24 days ? Ans. 8 men. 

If 36 acres of land are rented for <£84, how many may be 
rented for £ll2 ? Ans. 48 acres. 

If 12 horses plough 32 acres of land in 6 days, working 10 
hours a-day, how many acres will l6 horses plough in 48 days, 
working 8 hours a-day ? Ans. 271 ty. 

How many men must be employed to reap a harvest in 21 
days of 9 hours each, which 03 men can accomplish in 28 
days of 12 hours each ? Ans. 112 men. 

Note. From these exercises, it will readily be perceived, how 
questions in Partnership, Simple Interest, Discount, Barter, Ex- 
change^ and all other varieties of Proportion may be performed. 

Problem VII. To involve a number by logarithms. 

Multiply the log. of the given number by the name of the 
power ; the product is the log. of the power : thus. 

To involve 27 and -005 to the 3d power. 

Log. 27 = 1-431364 log. -005 = 3*698970 or 7-698970 

3 3 3 

3d Power, 19683 = 4-294092 -000000125 = 7-096910 3-096910 

Note. After multiplying the negative index, the carriage from 
the decimal part of the logarithm must be subtracted froinuie pro- 
duct. If the positive index is used, 10 times the name of the power 
lessened by one, must be taken from the product. 
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Involve '04S7 to the 4th power. Ans. •0000036469 

Involve 32 to the 3d power. Ans. 32768 

Involve -009 to the 3d power. Ans. -000000729 

Involve 2756 to the 2d power. Ans. 7595526*3 very 

nearly true, the correct answer being 7595336, 

Problem VIII. To find any root of a number by loga* 
rithms. 

Divide the logarithm of the number by the exponent of the 
root ; the quotient is the logarithm of the root. 

Note. If the given number is a decimal, and the positive index 
used, prefix the name of the root lessened by one to the index before 
dividing. If the negative index is used, add to it the least number 
that wUl make the sum divisible by the name of the root ; the quo- 
tient is the index of the root ; but in dividing the decimal part of 
the loffarithm, the number added to the index must be considered as 
th^ index ; thus,— 

To find the 3d root of 19683, and of -000000125. 

Log. 19683 = 3)4 294092 log. 000000125 3)7096910 or 3 096910 

3d root, 27 » 1-431364 3d root, -005 = 3-698970 or 7-698970 
Find the 4th root of -00130321 Ans. -19 
Find the 3d root of 926l Ans. 21 
Find the 4th root of 7 Ans. 1 62657 

Find the 3d root of -041063625 Ans. -345 

Problem IX. The principal, rate, time, and amount at 
compound interest, any three being given, to find the others. 

Denoting each by its initial letter, and putting R for the 
amount of £l for a year, we have the general formula Wxp 
= a, whence to find the amount : 

Multiply the logarithm of the amount of £l for a year by 
the time, and to the product add the logarithm of the princi- 
pal, the sum is the logarithm of the amount ; thus. 

To find the amount of £475 for three years, at 4 per cent, 
compound interest, we have the amount of £l for one year 

= 104 log. 0-017033 

3^ 

0-051099 
Principal, £475 . • log. = 2-676694 

Amount, £534-31 . log. = 2-727793 

Interest, £ 59*31 
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In what time will JE475 amount to £534-31 at 4 per cent, 
per annum^ compound interest; here the formula becomes 

a-^p =zW; hence 

a = 534-31 log. 2-727793 

p = 475 log. 2676694 

R = 1-04 its log. -017033)0051099(3 years. 

0051099 

Or log. -051099 = 8-708413 
log. -017033 = 8-231292 

Years 3 log. = 0*477121 

What principal will amount to £534*31 in three years at 
4 per cent, per annum^ compound interest ? 

Here the formula is jd = ^^ ; hence 

a = £534-31 log. = 2-727793 

R = 1-04 log. X 3 = 0051099 

p=z£4>75 log. = 2-676694 

At what rate per c&Dd^.Jf^sai^WSk^f!ai;y^ 
£534-31 in three years, compound interest .^ 

Here the formula is R = / - 

^ P 
, a •= £534-31 log. = 2-727793 

. p = £475 log. = 2-676694 
r t = 3 3)0051099 

• " R = 1-04 log. = 0-017033 
Whence the rate is 4 per cent, per annum. 

TAHiE POR REDUCING COMMON TO HYPERBOLIC LOGARITHMS 

AND THE CONVERSE. 

Page 17. 

The following examples will show the method of using this 
table. 

1. What is the hyperbolic logarithm of 4863, its common 
logarithm being 3*6869043. 
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Oommon Log. 




Hyperbolic Log. 


3-6 




8-2893063 


86 




1980223 


90 




20723 


43 


Ans. 


99 


3-6869043 


8-4894108 



2. What is the coininon logarithm answering to the hyper- 
bolic logarithm 8*4894108. 

Given hyperbolic logarithm 8-4894108 
3-6 8-2893063 

2001045 
86 1980223 

20822 
90 20723 



99 
43 99 



3-6869043 common log. required. 



TABLE OF THE GEOGRAPHICAL MILES IN A DEGREE OF LONGI- 
TUDE AT EVERY DEGREE OP LATITUDE ON THE TERRESTRIAL 
SPHEROID. 

Page 17. 

This table is calculated by William Gal9»^ith, A. M., 
Teacher of Mathematics, Edinburgh, assuming ^h ellipticity 
^^ jiu* which is extremely near the truth. It ^'^'^l be found 
very useful on many occasions to astronomers, 'J^rigators, 
and surveyors of large tracts of country. The ntiniber of 
miles in a degree of longitude at any degree of latitude is 
found by inspection, and for minutes and seconds proportional 
parts may be taken, thus : 

To find the length of a degree of longitude in latitude 29^ 
25' 45", or 30° — (34' 15") 

Length at 30° . , , 52-004 miles. 

Proportional part for 34' . . '291 
Proportional part for 15" . 2 

Ans. 52 297 miles. 



XXPLAMATION AND V 



TABLE OF THE TELOCITY AND FORCE OP THE WIND. 
Page 17. 

In this table tlie force of the wind lias been calculated upon 
the uaual ttieory, that is, io the ratio of the square of the 
velocity. The experiments of Dr Hittton indicate a higher 
ratio, namely, that of the 3-04 power, and this ratio gra- 
dually increases, til!, at the Telocity of 2000 feet per 
■econd, it becomes the 21 power of the velocity. The table 
vill, however, be sufficieutly accurate for commou purposea. 



TRIGONOMETRICAL LINES. 



/^ 




i 


v/ 


"^ 


/ 



DEFINIIIONS. 

1. The Sink BG of an arc AB is a 
■tratght line drawn from B, one of its 
extremities, perpendicular to the dia- 
meter AE, which passes through the 
other. 

2. The Vrksinb AG of an arc AB 
is that portion of the diameter AE upon 
which the sine is perpendicular, inter- '- 
cepted between the sine and the arc 

8- The Tangent AF of an arc AB is a perpendicular to 
the radius C A at one extremity of the arc, and meets at F the 
diameter MB, which passes through the other extremity at B. 

4. The Skcant CF of an arc AB is a straight line drawn 
from G the centre, to F the farthest extremity of the tangent 

5. The sine, rersine, tangent, and secant of an arc AB are 
called the sine, versine, tangent, and secant of the angle ACB, 
measured by that arc, to the radius AC. 

6. The CoHPLENENT of an arc AB, or angle ACB, ia what 
it wants of a quadrant or 90°. Thus BD or BCD is the com- 
plement of AB or ACB. 
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7. The Supplement of an arc AB, or of an angle ACB, 
18 what it wanta of a semicircle or 180^ Thus BE or AM 
is the supplement of AB, and BCE or ACM the supplement 
of ACB, 

An arc or angle^ and its supplement, have the same sine, 
tangent, and secant, for BG is the sine of BE or BCE, AF 
the tangent of AM or ACM, and CF the secant of AM or 
ACM. 

The versine EG of BCE (or the supplemental versine of 
ACB), together witii AG the versine of ACB, is equal to the 
diameter AE. 

8. The ExPLEMBNT of an arc AB or of an angle ACB, 
is what it wants of the whole circumference, or of four right 
angles. Thus BDEMLA is the explement of AB or of 
ACB. 

9. The sine, versine, tangent, and secant of the complement 
of an arc or angle, are caJied the cosine, coversine, cotangent, 
and cosecant of the arc or angle. Thus BH or CG is the co- 
sine of AB or ACB, DH is its coversine, DK its cotangent, 
and CK its cosecant. 

The cosine CG, together with the versine AG, is equal to 
the radius AC. 

The radius is equal to the sine or versine of 90°, and to the 
tangent or cotangent of 45°. 

Note. We generally write sin. for sine, cos. for cosine, tan. for 
tangent, sec. for secant, cot. for cotangent, cosec. for cosecant, ver. 
for versine, cov. for coversine, suv. for supplemental versine, cho. 
for chord, R. or rad. for radius, and D. or dia. for diameter. 



OF THE SIGNS OF THE TRIGONOMETRICAL LINES. 

In analytical trigonometry, and its application to astrono- 
my, it is necessary to attend to the changes which the several 
quantities undergo in the different quadrants of the circle. 

Geometrical quantities, when expressed analytically, are 
estimated from some given point or line, and are considered as 
+ or — according as they lie on the one or on the other side 
0/ that point or line. 
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The sines are estimated from the diameter EA, and tho 
cosines from the centre C; and if we eotisider the 
poiitipe when they He abiii-e the diameter, and th( 
u'hen they lie on the right-hand side uf the centre, it is 
obrious that in the 6rat quadrant AD the sinea and cosines 
are both positive. In the second qtiadraut DE, the sines 
tyiiig etill above the diameter are poeiHve; but the cosines, 
having changed their position in regard to the centre, are 
nav! negatine. Tlie sines ciianging their position in the 
third quadrant EI are now set off below the diameter, snrf 
the cosines remaining as in the second quadrant, they are' 
therefore both negative. And in the fourth qundrcnttlie sines 
still lying below the diameter are negative, while the cosines, 
baring resumed their original position in regard to the centre. 

The signs of the other quantities may be easily determined^ I 

for since tan. ^ — , it follows, that when the signs of the 1 

sine and cos. are alike, that of the tan. is positive, and when I 
unlike, the sign of the tan. is negative. 

The following table exhibits the mutations of the signs of 1 
the different quantities fur each quadrant of the circle. 



1 



+ 
+ + 



+ +) 1 

+ +1 



_+__ + _ + 

Note 1. Tbe signs of the sine and cosec-, af the cos. and sec, of 4 
the tan. and cot., are respectively atikt ; and the signs of the vl 
and cov, are always puntiBe, the former being set offfrom A in t. 
iame Jireciion, and tbe latter from K in the contrary direction. 

Note 8. The sines, cosines, &c. may he considered not only as I 
longing to arcs less than ti)ur quadrants, hut ulso to those arcs i 
d by any number of c(implete circumferences. 



I. 



C0H8TBUCTION OP A TABLE OF SINES, COSINES, &C, 



'arious methods have been employed in computing t 
numerical values of the sines, co.sines, &c- The following^,.! 
howerer, are the most simple. 
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First Method. If a: be any arc of a circle whose radius is 
unity> it has been shown by Newton, that 

Cos. x=::l^^+ _^__£!_ + &c. 

Now, by means of these series, and the ratio between the 
diameter and circumference of the circle, the sines and cosines 
of any arc may be easily found. 

When the radius is unity, half the circumference is 
S'Ul 59^65358979^. &c., and as there are 180° or 10800' in 
a semicircle, it is obvious that, if we divide the former by the 
latter, we will obtain the length of an arc of 1 minute 
= '00029088821 ; whence, if the arc is 1 minute, 

X = -00029088821 
— J a:' = — -0000000000004. 

.-. Sin. X = -0002908882 = the sine of 1 minute. 

Again from 1-0000000000 
Take ^x^ = 0-0000000423 

.-. Cos. X = -9999999577 = the cosine of 1 minute. 
To find the sine and cosine of an arc of 5^ 
Here jg^ = -08726646 = ar = the length of an 

arc of 5** ; hence x = 0*08726646 

_ja;5 = — 00011076 

+ jIj^ x^z=: + 0-00000004 

.*. Sin. X = 0087 15574 = the sine of 5 degrees. 

And for the cosine 1-00000000 

— ^x^ = — 000380771 
+ 5^ «* = + 000000241 

.'. Cos. X = 0*9961 9470 = the cosine of 5 degrees. 

This method answers remarkably well for the sines and 

cosines near the beginning and end of the quadrant, for when 

the arc does not exceed 10', the first two terms of the series 

^/Ve the sine and cosine true to 15 places; and when it does 
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not exceed 1°> the first three terms give them true to the 
same Dumber of places^ but the nearer the arc is to 45°, the 
more slowly do these series converge, and therefore the greater 
are the number of terms that must be employed in the cal- 
culation. 

Note. It is necessary to compute the sines only, as the cosines 
are more easily found from the equation ; cos. = VCl — ^^ ^)* 

Second Method. It may be shown that sin. 2a =: 2 sin. 
a COS. a ; whence, after computing the sine and cos. of 1' by 
the last method, and substituting 1 ' for a, we obtain the sine 
of 2': thus, 

. Sin. 2' = 2 sin. 1' cos. 1'. 

And for the sine of 3' and upwards we employ the formula. 
Sin. (a+^) + sin. (a — ^) = 2 sin. a cos. b, 
Or sin. (a+b) =: 2 sin. a cos. b — sin. (a — b), 

where if a is taken successively = 2', 3', 4', &c., and b = 1', 
we have 

Sin. 3' = 2 sin. 2' cos. 1' — sin. 1' 

Sfn, 4^ = 2 sin. 3' cos. 1' — sin. 2' 

Sin. '5' = 2 sin. 4' cos. 1' — sin. 3' 
&c. &c. &c. 

In like manner, for. the cosines, we have the formula 
COS. (a+b) + cos, (a — ^) = 2 cos. a cos. b. 
or COS. (a+b) = 2 cos. a cos. b — cos. (a — b). 

and taking a successively = 2', 3', 4', &c, and b =: 1', we have 

Cos. 3' = 2 COS. 2' COS. 1' — cos. 1'. 

Cos. 4' == 2 COS. 3' COS. 1' — cos. 2', : 

Co^. 5' = 2 COS. 4' COS. 1' — cos. 3'. 
&c. &c &c. 

In this manner, the sines and cosines may be computed as 
ht as 30°, when the remainder of the table may be found 
from the following formulae by subtraction only. 

Sin. a COS. 6 = ^ sin. (a+ b) + ^ sin. (a — b). 
Sin, a sin. b z= ^ cos. (a — b) — ^ cos. (a -{• b\ 
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Where if a is taken = 3(f, then sin. a = sin. 30'' = ^ ; 
whence 

^ Cos. ft = I sin. (30° + b) + i sin. (S0*» — b). 
^ Sin. b=zl COS. (30** — ^) — ^ cos. (30* + b). 

Multiply these expressions by 2> and transpose; we have 

Sin. (30° + 6) = cos. b — sin. (30° — b). 
Cos. (30° + b) = cos. (30° — ^) — sin. b. 

Now if 6 is taken successively =1', 2', 3', 4', &c. we have 
for the sines 

Sin. 30° 1' = COS. 1' — sin. 29° 59' 

Sin. 30° 2' = COS. 2' — sin. 29° 58' 

Sin. 30° 3' = COS. 3' — sin. 29° 57' 

&C. &C. &c. 

And for the cosines 

Cos. 30° 1' = COS. 29° 59' — sin. V 
Cos. 30° 2' = COS. 29° 58' — sin. 2' 
Cos. 30° 3' = COS. 29° 57' — sin. 3' 

&C. &C. &C. 

By these two methods the sines and cosines may be com. 
puted as far as 45° ; and it is obvious, from the definitions^ 
that the sines and cosines will also be found from 45° to 90° 
for sine 50° = cos. 40°, and sine 60° = cos. 30°, &c. 

, Having thus completed the Table of Sines and Cosines, let 
us again refer to the figure in page 19* in which the triangles 
CGB, CAF, and CDK, are evidently similar; we have there- 
fore 



CG : GB : : CA : AF, or the cosine of an arc is to its sine 

, X sin. Sin. 

Cos. Cos. 



as the rad. to the tan. ; therefore tan. = — ^ ' = ;^ if 



radius = 1. 

Again, CG : CB or CA : : CA : CF, or the radius is a 
mean proportional between the cosine of an arc and its secant; 

whence sec. = t^ — := 7^ — , if radius = 1. 

Cos. Cos. 
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I From tliese two frirmulEe, then, the tangents and secantV^ 
I nay be readily computed, when the cotangents and coBeeants J 
! M-ill also be known. 

The Tcraines arc ^ 1 zp cob., according as the arc is greats; 
■I' loss than 90°, and the coversities are the complenieuta 
;he rersines tol. 

The sines, cosines, &c. of which we have shown the method _ 
uf computing, are called natural aines, cosines, &c. andwhci 
these are arranged in a table from 1' up to 90°, they full 
irhat is called the Trigonometrical Canon. -. 

The logarithmic tables of sines, cosines, &c, are formed h 
t^ing the logarithms of all the natural sines, cosines, i 
and adding 10 to their indices, 'as the logarithm 
cnsinea, &c. are supposed to be computed to the radial 
10,000,000,000 in order that the smallest arc to be used \» 
calculation may not hare a negative index. 



'ABLE OF THE ANGLES WHICH EVERY POINT AKD qtfARTEA^ I 

fOIKT UP THE COMPASS UAKES WITH THE MERIDIAM. 

Page la 

This table is useful for reducing the points of the compasfc 1 
o degrees, &c and conversely. ■ 



Panels. 

This table is used by navigators when the logarithmic slue. ■ 
tangent, &c. of a ship's course is reijuired to points of the coidifr 1 
pass, tliereby saving the trouble of reducing them to degree£( I 
minutes, &c. by the preceding table. The method of usii^ I 
it will be obvious from the explanation of the following table. , 



Pa,£D 19 etaeq. 

The table has the degrees at the top and the minutes ont 
the Ieft-i>and side of the page when the degrees are leas than 
45 ; Imt when 4S° and upwards, the degrees are at the bot- 
tom and the minutes on the right-hand side o? vW ^1^. 
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Problem I. To find the sine, cosine, &c., answering to 
any given arc expressed in degrees and minutes. 

If the number of degrees is less than 45°, find the number 
at the top of the page, and the minutes in the left-hand 
column ; opposite to the minutes, and under the word sine, 
cosine, &c. is the logarithm required. If the degrees are 45° 
or upwards, find the number at the bottom of the page, and 
opposite the number of minutes in the right-hand column, 
and under the proper title, will be found the logarithm re- 
quired. 

To find the log. sine of SS"" 45'. 

Under the word sine in the page marked 35° at the top, 
and opposite 45' in the left-hand column, is found 9*766598, 
the log. sine required. 

To find the log. tan. of 57° l6'. 

Above the word tang, in the page marked 57° at the bot- 
tom, and opposite l6' in the right-hand column, is found 
10*191917 the log. tan. required. 

Note 1. If the given arc exceeds 90°, and is less than 180% take 
the sine, cosine, &c. of its supplement, or, which is simpler, to find the 
sine of an arc above 90% reject 90° and take the cosine of the remain- 
der ; to find the cosine of an arc above 90% reject 90° and take the 
sine of the remainder. The same method maj be followed for tan- 
gents and secants ; cotangents and cosecants. Thus log. sine of 108° 
= log. cosine of 18°. 

Note 2. If the arc is between 180° and 270° diminish it by 180°, 
and take the log. sine, cosine, &c. of the remainder. Thus log. sin. 
210° = log. sin. 30°. . 

Note 3. If the arc is between 270° and 360° use its explement to 
360°, or for the sine take the cosine of its excess above 270% and for 
the cosine take the sine of the excess above 270°. Thus log. sine 
290° = log. sine 70% or log. cosine 20°. 

Problem II. To find the log. sine, tangent, &c. of any arc 
expressed in degrees, minutes, and seconds. 

Find the log. sine, tangent, &c. corresponding to the given 
number of degrees and minutes as directed in last problem, 
and take the diflerence between it and that answering to the 
next greater minute ; multiply this difference by the given 
number of seconds, and divide* the product by 60y then add 
the quotient to the log. sine, tangent, &c., but subtract it 
from the log. cos., log. cot. &c. of the given degrees and 
minutes, and the sum or difference will be the log, required. 
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To find the log. sine of S4«» 25' AXf 

log. sine of 34° 25' =z 9-752208 
log. sine of 34° 26' 9752392 

Difference^ 184 

Seconds^ 40 

60)7360 

123 nearly. 

Log. sine of 34° 25' = 9*752208 

Proportional part for 40" 123 

Log. sine of 34° 25' 40" =z 9752337 

To find the log. cos. of 24° l6' S6" 
Log. cos. 24° 16' = 9959825 
Log. cos. 24° 17' = 9-959768 

Difference, 57 

Seconds^ S6 

60)2052 

34 nearly. 

Log. COS. 24° 16' •= 9*959825 

Proportional part for S6^^ = 34 

Log. COS. 24° 16' S&' = 9'95919l 

To find the log. secant of 20° 20' S5'' 

Log. COS. of 20° 20' = 9'972058 
Log. cos, of 20° 21' = 9*972011 

Difference, 47 

Seconds, S5 

60)1645 

27 nearly. 

Log. COS. 20° 20' = 9'972058 

Proportional part for S5" = 27 

Log. COS. 20° 20' S5" 9*972031 

(See Kule, page 41, Tables), 20-000000 

Log. sec. of gO° 20' S5'' = 100^7969 
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To find the log. cosecant of 31° 25' 20'' 

Log. sine 3V 25' = 9*717053 

Log. sine 31* 26' = 9-717259 

Difference^ 206 

Seconds^ 20 



6,0)412,0 



Proportional part for 20" 69 nearly. 

Log. sine 31* 25' = 9-717053 

Log. sine 31* 25' 20" = 9717122 

20000000 



Log. cosec 31* 25' 20" = 10282878 

To find the log. versine of 24* I6' 40^. 

Half the arc 12* 8' 20^. 

Log. sine 12* 8' = 9-322607 

Log. sine 12* 9' = 9*323194 

Difference, 587 

Seconds, 20 



6,0)1174,0 
Proportional parts for 20^ = I96 nearly. 

Log. sine 12* 8' = 9*322607 

Log. sine 12° 8' 20" = 9322803 

2 

18-645606 
0-301030 



Log. versine of 24* I6' 40" 8-946636 

Find the sine of 26*28^32" Ans. 9*649155 

Find the cos. of 32* 18' 26" Ans. 9-9^6956 

Find the tan. of 47** 18' 20" Ans. 10-034989 
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Find the cot of . 36"* 29' 17" Ans. 10130980 

Find the sine of 136° 15' 24" Ans. 9-839747 

Find the cos. of 284** l6' 12" Ans. 9*391713 

Find the tan, of 220° 15' 10" Ans. 9*927702 

Find the cot. of 108° l6' 20" Ans. 9*518751 

Find the sec. of 84° 17' 12" Ans. 10-001933 

Find the cosec. of 56'' 29' 15" Ans. 10-078956 

Find the vers, of 40° 28' 50" Ans. 9*379076 

Find the cov. of 32° 18' 30" Ans. 9-667942 

Problem III. To find the log. sine^ tan.^ &c. of an arc less 
than three degrees^ and also of one greater than 87°. 

1. To find the sine. 

Add the constant number 4-685575 to the log. of the arc 
in seconds^ and subtract one-third of the arithmetical comple- 
ment of the log. cosine from the sum^ the remainder will give 
the log. sine of the giyen arc. 

2. To find the tangent. 

To the constant number 4*685575 add the log. of the arc 
ia seconds^ and also I of the arithmetical complement of the 
cosine ; the sum is the log. tan. of the given arc. 

Note. For the log. cos. and cot. take the log. sin. and tan. of 
the complement of the given arc 

To find the log. sine of 1° 2' 12-5". 
Constant number^ 4*685575 

Log. of 3732-5" = 3-572000 

8-257575 
^ Ar. CO. COS. 1° 2' 125" = 0-000024 

Log. sine of 1° 2' 12-5" = 8-257551 

To find the log. tan. of 0° 24' 15-3". 
Constant number^ 4-685575 

Log. of 1455-3" = 3-162952 

f Ar. CO. COS. 24' 15-3" = 0-000007 

Log. tan. 0° 24' 15'S" ="7*8485Si 
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Pboblem IV. To find the degrees and minutes answering 
to any log. sine^ tangent^ &c. 

In the column headed sine^ tangent, &c. find the neares 
one to that given^ and take the degrees from the top or bot 
tom of the page according as the quantity is found in a co. 
lumn with the proper title at the top or bottom, and tht 
minutes are found in the same horizontal line on the left-hanc 
side of the page wh^n the degrees are at the top, otherwise 
on the right-hand side of the page. 

To find the degrees and minutes answering to log. sin< 
9*448618. In the column marked sine at the top, under l6' 
and opposite 19' on the left-hand side is found the log. sin< 
9*448623, difiering from that given only by 5 in the right 
hand figure. Hence the degrees and minutes answering to log 
sine 9*448618 are l6° 19'> and so on for any other given log. 

Problem V. To find the degrees, minutes, and seconds, &c 
answering to any log. sine, tangent, &c. 

Find, as in last problem, the degrees and minutes answer- 
ing to the next less logarithm in the proper column, and sub 
tract this log. from the given one, multiply the remainder h] 
60, and divide the product by the difference between the log 
found in the table and that corresponding to the next greatei 
minute, the quotient will be the seconds to be added to thi 
arc when the log. sine or log. tan. is given, but to be sub 
tracted from it when the log. cos. or log. cot. is given. 

Note. The log. sine, log. tan., &c. of an arc is also the log. sine 
log. tan., &c. of the supplement of that arc 

To find the degrees, minutes, and seconds answering log 
tan. 9-538764. 

Given log. tan. 9'538764 

Log. tan. 19^ 4' = 9-538611 9*538611 

153 Log. tan. 19° 5' = 9*539020 



40S 

Then 153 X 60 -^ 409 = 9180 -r- 409 = 22-4\ Henc 
9'5387d4f is the log. tan. of 19^ 4' 22-4". 
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To find the degrees^ minutes, and seconds answering to log. 
COS. 9-568421. 

Given log. cos. 9*568421 

Log. cos, 68"" 17' = 9-568222 9-568222 



199 Log. COS. 
60 


68° 


16'= 


: 9'56S539 
317 


317)11940(377" 
951 

2430 
2219 





2110 

.-. 9*568421 is the log. cos. answering to 68° 17' — 37-7" 
= GS"" 16' 22-3". 

Note. Instead of taking the log. cos. or log. cot next less, we 
may take that next greater, when the seconds, found as before, must 
be added to the arc. Thus, 

Log. COS. 68** 16' » 9*568539 = 9*568539 

Given log. cos. = 9-568421 

118 

60 Lo^. COS. 68° 17' = 9*568222 



317)7080 317 

22-3" 
Hence 68* 16' 22*3" the arc as before. 

Find the arcs answering to 

Log. sine 9*574486 Ans. 22° 2' 47*7" 

Log. COS. 9-534876 Ans. 69"" 57' 37-3" 

Log. tan. 10-400864 Ans. 68° 19' 52-7" 

Log. cot. 10-322014 Ans. 25° 28' 25*8" 

Log. cot. 10-076543 Ans. 39'' 58' S&G" 

Log. COS. 9*823456 Ans. 48° 14' 35-1" 
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Problem VI. To find the degrees, minutes, and s< 
answering to the log. sine or tangent of an arc under 

above 87°. 

1 . To find the arc corresponding to a given log. sine. 
Add together the given log. sine, the constant ni 

5*314425, and one-third of the supplement of the corre^ 
ing COS., the sum will be the log. of the number of seco 
the required arc. 

2. To find the arc corresponding to a given log. tan^ 
Add together the given log. tan. and the constant m 

5*314425, and from the sum take two-thirds of the si 
ment of the corresponding cos., the remainder is the loga 
of the required arc in seconds. 

Note. For the arc answering to the log. cos. and cot. U 
complement of the arc answering to the log. sin. and tan. 

To find the arc whose log. sine is 8*257551 
Constant number, 5*314425 

J Ar. CO. COS. 9*999929 = 0*000024 

3732*5" log. = 3*572000 
Or V 2' 12-5" 

To find the arc whose log. tan. is 7*848534 
Constant number, 5*314425 

3*162959 
I Ar. CO. COS. 9'9999S9 = 0*000007 

1455*3" log. 3*162952 
Or 0° 24' 15-3" 

TABLE OF NATURAL SINES, TANGENTS, &C. TO EVERY 6 

THE QUADRANT. 
Page 42 et seq. 

The method of taking out the numbers in this tab] 
easily be understood from the rules given for the log. sine 
&c. When the sine or tan., &c. is not found exactly i 
table, proportional parts must be taken. Thus to fie 
natural sine of 42° 32' 40". 

Natural sine of 42° 30' = 675590 

Diff. for 5', 1072 X 2| -4- 5 = 572 



Natural sine of 42° 32' 40" = -676162 
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TABLE OP THE AREAS OP CIRCtLAB GEGUENTS. ^^H 

Fagea 17 and 48. ^^M 

This table contains the areas of circular segments whose ^^M 
height, oryersine of their half arc, are the numbers immediately ^^| 
on their left ; the diameter of the circle being I, and the whole ^^^ 
area •785398. Its use will be best understood from an exam- 
ple : Thus, to find the area of a segment of a circle of which 
the height is 12, and the diameter of the circle 48, 

12 J- 48 = -250 versine of half the arc, then opposite to 
this nnmber in the table is -1535*6, &nd -ISSSArbxiB' — 
324-903336' the area. 

When a segment greater than a semicircle is given, sub- 
tract the quotient of its versine, divided by its diameter from 
1; then subtract the tabular segment which answers to the 
remainder from -78.^398, the area of the circle, and the result 
win be the tabular area corresponding to the segment required. ^^^ 

* TABLE OF BdUABEB, CUBES, AND ROOTS. ^^H 

Page49e(<eg. ^^| 

This table will be found very convenient in all cases where 
the raising of powers or the extraction of roots is required, 
and so far as it goes needs no explanation ; but it is necessary 
to show, how the powers and routs of numbers not coutained ^^m 
in the table may be found by its aid. ^^H 

Pros. I. Toiiod the square of a number consisting of more ^^| 
than three figures. ^^| 

Consider the number as composed of the sum of two other 
dumbers, both of which, or their lOth, 100th, &c. parts, are 
found in the table, then, from the formula {x + if)'' =.x^ + 
^xt/-\-y' we obtain this 

Rule. To the sum of the square of the two parts add I 
twice their product for the sijuare required. 

1 1. To find the square of 2784, we have first, 
2784 = 2780 + 4 



And 2780 X 4 X 2 = 



34 EXPLANATION AND USE OF THE TABLES. 

2. To find the square of 58674, we have first, 

58674 = 58600+74 
Now 58600* = 3433960000 

Then 74« = 5184 

And 58600 x 74 X 2 = 8672800 



Hence 58674* = 3442637984 

When the last digit exceeds 6, or the two last exceed 60, 
&c. it will be found easier to use the formula {z — ^)* = 
x^ — 2ay+jy* ; that is, from the sum of the squares of the 
two parts take twice their product for the square required. 

3. To find the square of 78475, we have first, 

78475 = 78500 — 25 
Now 78500« =6162250000 

Then 25« = 625 



6162250625 
And 78500 x 25 X 2 = 3925900 



Hence 78475 « = 6158325625 

Prob. II. To find the cube of a number consisting of more 
than three places. 

Consider the given number as composed of the sum or 
difierence to two other numbers, then apply the formula 

1. To find the cube of 7864, we have first, 

7864 = 7860 + 4 
Now 7860' = 485587656000 

Then 7860«x3x4= 741355200 
And 7860 x 3 X 4« = 377280 

Also, 4' = 64 



Hence 7864' = 486329388544 
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2. To find the cube of 3567 5y we have first, 

35675 = S5700 — 25 
Now S5700' =45499293000000 

And 35700x3x252 = 66937500 

45499359937500 



Also, 35700«X3X25 = 95586750000 
And 255 = 15625 



95586765625 



Hence 35675^ = 45403773171875 

Pros. III. To find the square root of any numher by the 
table. 

Multiply or divide the number by 10, 100, &c. as the case 
may require ; thus since 

V576 =^J^V5760, 
V57-6 = j\ V5760, 
V57-6 = tS V576, 
V57648 = 10 V576-48, 

it is manifest, that the extraction of the square root of any 
number depends upon finding the square root of a number 
consisting of two or three integral figures, with decimals. 

Now let X = any number of which the square root is to be 
found, and let r = an approximate root, and let c = the dif- 
ference between ,Jz and r, that is, ^x =: r + c ; then 

X = r^ + 2rc+c^, multiply by 2r 

2rx = 2r^ + 4!r^c+2rc^ 

Add c^ to both sides of this equation, and we have 
2rz+c^ =2/'' + 4r«c+2rc«+c' 

Or 2r(a: — r«)+c = {3r« + (r+c)«}c = {3r^+x)c 

Whencec = iTaT + q TV 

And as the last term ia so small as not to aSecX V\v& %vl^^^^^s6»^ 
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of decimals^ we may reject it, and we will have c = g a"!!^ 
Or tjz =: r -i — 2r*4-x ^^^^ nearly, that is. 

Take the root of the nearest integral number, found in the 
table, for an approximate root, then divide the product of the 
difference between the given number and the nearest integer, 
into double the approximate root, by three times the nearest 
integral number + the given number, and add the quotient 
to the approximate root. 

1, To find the square root of 347*5, first, 

V347 = 18-627936 

1-0 =^x-5 

3x347+347-5 = 1388-5)1 8*627936 

•013416 . 



V347-5 =18-641352 

2. To find the square root of 4756, first, 
V4756 = 10V4j7-56, then 
V47 = 6-855655 

1-12 = 2 X -56 

3 X 47 + 47-56 = 188-56)7-67833360 

•0407208 
V47 = 6'S55655 .;' 

Hence V4756= 68-963758 

pROB. IV. To find the cube root of any number by the 
table. 

Multiply or divide the given number by such a cube as 
will bring the integral part within the limits of the table^ 
then, as in the preceding problem. 

Let l/x =z r + c 

Then x = r^ + 3r^c+3rc^+c^, mult, by 3r 

3rx = Sr*+9r'c+9r«c« + 3rc' 

Or Sfix — rO = 6r'c+3r5c+9r«c«+3r(r5 
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Add 6rc^ + 3c* to both sides, and we have 

Sr(Z'-r^)+6rc^ + 3c^ = {6r^+3(r+cy]c 

Or 3r(x — r^) + 6rc^+3c^ = (6r' +3x)c 

rr _ 3ir{x — r») 6rc»4-3c^ _r{ x — r^) 2rc »4-c* 

Hence C— 6r»+3x + 6r« + 3x -""2lr» + ar "*" "27m^' 

and rejecting the last term as not affecting the sixth place of 
decimals, we have 

^a; = r + ' 2r^2 ^^^y nearly ; that is. 

Take the root of the nearest integral number found in the 
table, as an approximate root, then divide the product of the 
difference between the given number and the nearest integral 
number, into the approximate root, by twice the integral 
number, -}~ the given number, and add the quotient to the 
approximate root. 

1. To find the cube root of 668*75, first, 

^668 = 8-741625 

• -75 



2x668 + 668-75 = 200475)6-55621875 

•0032703 
1/66S = 8-741625 



Hence 1/668-75 = 8-744895 

When the integral part consists of three figures, multiply 
the difference between the root of the integer, and the next 
higher root by the decimal part, and add the product, the 
sum will be the root of the whole true to six places. 

Thus, 1/66S = 8-741625 Diff. -004360 

•003270 -75 



l/66S'75 = 8-744895 21 800 

30520 



'OOS^ICiW 
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2. To find the cube root of 74-865, first. 



J/74-865 = i 5/8x74-865 = | y 598 '92 
^598 = 8-424945 
5/599 = 8-429638 

•004693 diff. 
92 



•00431756 correction 
5/598 = 8-424945 



2)8-429262 



Or 



J/74-865 = 


4-214631 


^74 = 


4-198336 




•865 



2X74 + 74-865 = 222-865)3-631560640 



•016295 
5/74 = 4-198336 



5/74^865 = 4-214631 as before. 

TABLE OF THE LENGTHS OF CIRCULAR ARCS. 

Page 57. 

The use of this table is to express an arc of any nui 
of degrees, minutes, &c. in parts of the radius, and conver 
thus, to find the length of an arc of 45° I6' 18''. 

45° = -7853982 

16' = 46542 

18" = 873 



•7901397 the length of the arc. 

To find the number of degrees, minutes, and seconds i 
arc whose length is •9738764. 
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Given lengthy 
Next less in tab] 


• • 
le 55'' 

5&' 
Tab. diff. 


•9738764 
•9599311 


Next less 
Next less 


139453 
136717 

2736 
2715 




48)210(44 
192 



180 



Or 55"" 47' 56-44'' nearly. 



TABLE OF RECIPROCALS. 
Pages 58 and 59. 

This table will be found extremely useful on many occa- 
dons ; it will answer as a table of decimal equivalents^ by 
simply multiplying the reciprocal of the denominator by the 
numerator of the fraction ; thus^ 

To find the decimal equivalent of ^. 

The reciprocal of 37 is -027027027 

6 



Hence the decimal equivalent of «r is = •162162162 

It will likewise answer for numbers 10^ 100^ &c. times 
greater or less^ by simply shifting the decimal point ; thus^ 
the reciprocal of 496 is 002016129 of 4*96 it is -2016129, 
and of 49600 it is -00002016129, and so on. 



TABLE OF LOGARITHMS TO 7 PLACES. 

Page 59. 

This table will be found useful in- calculations of interest, 
&c. at all rates from j^^^ to 10 per cent* 
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TABLE OF DIFFERENCE OF LATITUDE AND DEPARTURE. 

Pages 60 and 61. 

This table gives the sides and angles of right-angled plane 
triangles, the two legs being represented by the difference of 
latitude and departure, the hypotenuse by the distance, and 
the two acute angles by the course, and its complement. Now 
if any two of these are given except the acute angles, the 
others may be found by inspection. The course is given in 
degrees, and in points and quarter-points, in the two columns 
on the left, and also in the two columns on the right-hand 
side of the page, the distance is at the top of the page when 
the course is under 45°, or 4 points, otherwise it is at the 
bottom, and the difference of latitude and departure is found 
in columns under or above these words respectively. 

If the course contains minutes, and great accuracy be re- 
quired, proportional parts must be taken ; but, in general, 
when the minutes are under SO' they may be neglected, and 
when they are above 30' the course may be increased by 1°. 

The distances I, 2, 3, &c. at the top and bottom may be 
accounted 10, 20, SO, &c. or 100, 200, SOO, &c. if the differ- 
ence of latitude and departure be increased in the ^ane pro- 
portion, by removing the decimal point a corresponding num- 
ber of places to the right. When the distance consists of 
two, three, &c. significant figures, the difference of latitude 
and departure must be found for each figure separately^ and 
the results added. 

Problem I. To find the difference of latitude and depart- 
ure, the course and distance being given. 

Find the course in the right or left-hand column^ and in a 
line with it under or above the given distance, the difference 
of latitude and departure will be found ; thus, 

A ship sails W. N. W. 60 miles, required her difference of 
latitude and departure ? 

Coune. Dist. Diff. ofLat. Departnre. 

6 points 60 miles 22-961 55'4t33 

A ship sails 126 miles N. 49° 38' W., required her differ- 
ence of latitude and departure? 



I 50 



126 
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DIfL Lat. 


Daparture. 


64'279 


76-604. 


12-856 


15-321 


3-8567 


i-5963 


80-()917 


96' 521 3 



Prdblsh II. To iin<1 the course and distance, the differ, 
mce of latitude and departure being given. 

Find in the taLle, standing together, the dilference of lati- 
tude and departure which are nearest to those given, and 
directly opposite in the margin, you will find the coura 
at the top or bottom of the column the distance. 

Note. If the difference of latitude and departure given i 
Ibttnd nearly in the table, take any aliquot parts of them to find the 
eouiae, and multiply the distance th us fuund hy the divisor used ' 
finding the aliquot parts far the whole distance. 

Given the difference uf latitude 71'13 N., and the departure 
36*32 E., required the course and distance ? 

Here the diff. of latitude and departure are nearly found 
in tbe column marked 8 at the top, and on the margin is 27°, 
tliis gives for the distance SO miles, and the course 27° ; be- 
tweai NJV.E. and N.E. by N. 

Given the difference of latitude 96'5 miles S., and the de- 
parture fi7'4 miles W., required the course and distance? 

Here the numbers themselves are not to be found, but -j^ 
of them, or 6-03 and S-53 are nearly found under 7. which 
multiplied Uy l6 gives 112 miles, the distance, and in the 
margin is 30° ; between S.W. by S. and S.S.W., the course. 

PaosLxu III. To worli a traverse. 

Find the difference of latitude and departure for each 
i-ourse, and place them in columns marked East or West, 
Hud North or South, respectively, then the difference of the 
■urns of the columns marked Ji^ast and West will give tbe 
lipparture, and the difference of the sums of tlic columns 
marked North and South will give the difference of latitude 
ill tbe whole traverse. 

A ship sailed S.W. by W. 58 miles, S.W. 32 miles, N.E. 
by N. 6 miles, required the difference of latitude and depart- 
ure, and the course and distance made good i 




I 
I 
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c™™.^ 


Uisl. 


N. 


8. 


.. 


w. 


S.W. by W. 
S.W. . . 
N.E. by N. 


5S 
32 
6 


5-0 


ss-ti 


3-3 


*8-2 
22-6 






5-0 


54-8 
5-0 


3-3 


70-8 
S-3 




Diff. Lat. 49-8 


Dep. 67'5 1 



The difference of latitude and dejiarture not being 
together in the table, we divide both by 10^, then ui 
and opposite the quotients 4'7429, and 6-4286 nearly, w 
4j points or nearly 53^". Hence the course made goo* 
33^° W. and distance = 8 x loj = 84. miles. 



TABLE OF ATUOSPUEBICAL REFRACTIONS. 

Fagea 62 and 63. 

The rays of light, in passing through the atmosphe 
bent from their rectilineal direction towards the perpe 
lar, and describe a curve ; in consequence of this, a cf 
body, escept wheo in the zenith, appears higher than it 
to do: Hence the corrections in this table must alw. 
subtracted from the observed altitude in order to obta 
true altitude. 

When the instniments used only take the angles to mi 
it will be sufficient to take the refraction to the nearest n 

The formula from which the table is calculated is '00 

= B J + (2-47 + -Sv") ^ +S600 »^ +3600(l-835+-25 

where r is the refraction, v the sine of the altitude, aii< 
cosine. 

The apparent altitude, or that obtained from obsen 
is found in the first column, and in the second the refi 
is found when the barometer stands at 30 inches, or its 
height at the level of the sea when Fahrenheit's therm< 
b at 50°. The difference for one miout* of altitude is 
in the third column ; the correction for one inch th 
barometer exceeds or wants of 30 is given in the font 
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lumn, and in the last the correction for each degree the ther« 
mometer is above or below 50°. 

Note. The correction for altitude is to be subtracted when the 
observed altitude is greater than that with which you enter the 
table, and added when the observed altitude is less. When the ba- 
rometer is above 30" the correction is to be added, otherwisie sub- 
tracted. And the correction when the thermometer is above 50° is 
to be subtracted, and added when the thermometer is below 50°. 

1. When the observed altitude is 14° 25', the barometer at 
29*56 inches, and the thermometer at 68° ; what is the true 
refraction ? 

Diff. alt. -27" Bar. 7*52" Ther. -458" 
5' -44 18° 



Alt. 14° 20' refr. 3' 44-4" — 1-35 — 3-31 — 8 24 

Corrections, — 12*9 3-31 

3' 31-5" true refraction. 1-35 



— 12*90 
Again, 

Diff. alt. -27" Bar. 7*52" Ther. -458" 
5' -44 . 18° 



Alt. 14° 30' refr. 3' 41*8" + 1-35 — 3-31 — 8-24 

1-35 3*31 



3' 43-15 11*55 

11-55 



3' 31-6" true refraction. 

2. When the apparent altitude is 10° 32' 48*6", the baro- 
meter at 30*74 inches, and the thermometer at 47°, what is 
the true altitude ? 

Alt 10° 30' refr. 5' 5" Diff. alt. -5" Bar. 10*2" Ther. -64" 

1-4 2' 48-6" = 2-8 -74 3° 

5' 3*6 —vi + 7-55 + ^92 

7-55 
1-92 App. altitude, 10° 32' 48-6" 



Refraction, 5' 1307" Refraction, 5 13*07 



True altitude, 10° 27' 35-53 



// 



44 EXPLANATION AND UBE OF THE TABLES. 

TABLE FOB REDUCINO LONGITUDE INTO TIME, AND THE 

CONTRARY. 

Page 64. 

The use of this table is obvious ; thus. 

To convert 15 hours 43 minutes 27 seconds into degrees 
minutes^ &c. 

15 hours = 225*» 

43 min. = 10° 45' 

27 sec. = 6' 45" 



15 hours 43 min. 27 sec. = 235° 51' 45" 

To convert 187° 51' 36" to hours, minutes, &c 
180° = 12 hours 

7° = 28 min. 

51' = 3 24! sec. 

36" = 2 24 th. 



187** 51' 36" = 12 hours 31 min. 26 sec. 24 th. 

TABLE OF MERIDIONAL PARTS TO EVERY DEGREE OF THE 

QUADRANT. 

Page 64. 

This table is used in Mercator's sailing for obtaining the 
enlarged difference of latitude when the true is given, or 
the true difference when the enlarged is given. The de- 
grees are found under D., and the meridional parts imder 
M.P. ; when the latitude is given to minutes and seconds, 
proportional parts of the difference for one degree raust be 
taken. 

Problem I. To find the enlarged difference of latitude 
when both latitudes are given. 

When the latitudes are of the same name, take the differ^ 
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eDce of the meridional parts, otherwise take the sum for the 
enlarged difference of latitude ; thus. 

Let the latitudes he 46° 30' N. and 25** 20' N. 

46° M. P. 3115-6 

P. P. of 87-1, to SO' = 43-5 

M. P. for 46° SO' 31591 

25° M. P. 1550-0 

P. P. of 66-5, to 20' = 22-2 

M. P. for 25° 20' 15722 

Enlarged diff. of latitude, 15869 

Again, let the latitudes be 46° 30' N. and 26° 20' S. 

Then, as before, M. P. for 46° SO' 3159*1 

M. P. for 25-20' 1572-2 

Enlarged diff. of latitude, 4731-3 

Pboblem II. Given one latitude, and the enlarged differ- 
ence of latitude to find the other latitude. 

I. When the ship sails away from the equator, add the 
M. P. corresponding to the given latitude to the given en- 
larged difference, find the sum nearest to it in the table, and 
in the column on the left of it are the degrees, and for the 
minutes multiply the difference by 60, and divide the product 
by the difference of the M. P. of the degree found and the 
next higher one ; thus, 

A ship in latitude 15° 30' N. sails northerly, and the en- 
lar^ difference of latitude is 2781, required the latitude at 
which she has arrived ? 

15° Meridional Parts, . . 910-5 

P. P. of diff. 62-2, for SO' . . 31-1 
Enlarged diff. of latitude, . 2781 

3722-6 
52°M. P 3665-2 



Diff. of M. P. for 52° and SS"" = 98-6 574 

60 



98-6)3444-0( 
Latitude sought 52° 34-8' N. S^ 
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II. When the ship sails towards the equator^ take the dif- 
ference between the given difference of latitude and the M. P. 
corresponding to the given latitude^ and the number of de- 
grees and minutes answering to the remainder is the latitude 
arrived at. 

Note. When the enlarged difference of latitude is greater than 
the meridional parts, it shows that the ship has crossed the equator, 
and the latitude will then be of a different name from that given. 

A ship in latitude 30° 15' N. sails southerly till the en- 
larged difference of latitude is found to be 1570*3, in what 
latitude has she arrived ? 

30° M. P. . . 1888-4 

P. P. of diff. 69-6, for 15' 17-4 



Enlarged diff. of latitude. 


1905-8 
. 1570-3 


M. P. for 5° 


335-5 
300-4 


Diff. of M. P. for 5° and 6° 


= 60-3 35-1^ 

60 




60-3)2106-0 



Latitude sought 5° 34*9' N. 34*9' 

A ship in 6° 36' N. sails southerly until the enlarged dif- 
ference of latitude is found to be 7748, in what latitude has 
the ship arrived ? 

Enlarged difference of latitude, . . 7748 

M. P. for 6° . . 360-7 

P. P. of diff. 60-4, for 3& 3&2 396-9 

7352-9 
M. P. for 76° 7210-1 



Diff. between M. P. for 76° and 77° = 257*1 142*8 

60 



257-1)8568-0 



Hence the lat. arrived at is 76° 33-3' S. S3-3' 
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TABLE FOR BEDUCINO HEAN SOLAB TO SIDEBEAL TIME. 

Page 65. 

This table is useful when double altitudes of a star are 
taken to determine the latitude^ the elapsed time measured 
by a chronometer or a watch must be reduced to sidereal time. 

Required the sidereal time corresponding to 6 hours 47 
minutes 50 seconds of mean solar time ? 

For 6 h. mean solar time add Oh. m. 59*14 sec. 
47 m. do. do. 7*72 

50 sec. do. do. 0*14 

Given mean solar time, 6 47 50 

Required sidereal time^ 6 h. 48 m. 57 sec. 

TABLE FOB REDUCING SIDEBEAL TO MEAN SOLAB TIME. 

Page 65. 

This table is used wh'en the time of a celestial object's pass- 
age over the meridian is noted by a sidereal clock, and it is 
required to find the corresponding solar time. 

Required the mean solar time corresponding to 7 hours 45 
minutes 27 seconds of sidereal time ? 

Given sidereal time, . . . 7 h. 45 m. 27 sec. 

For 7 h. sidereal time subtract 1 8*81 

45 m. do. do. 7*37 

27 sec do. do. 0*07 



Acceleration of sid. on mean solar time, 1 l6*25 

Required mean solar time, . 7 h. 44 m. 10*75 sec 

TABLE FOB FINDING THE EQUATION OF TIME FOB ANY GIVEN- 
TIME UNDEB ANY MEBIDIAN ; FOB FINDING THE TIME OF 
THE moon's PASSAGE OVEB ANY GIVEN MERIDIAN ON ANY 
GIVEN DAY ; AND ALSO FOR FINDING THE MOON's HORIZON- 
TAL SEMIDIAMETEB, OB PARALLAX FOR ANY GIVEN TIME 
UNDER ANY GIVEN MERIDIAN. 

Page 66. 

The following examples will show the manner of using the 
table: — 
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1. Required the equation of time^ October 14^ 1841. 
hours 1 4 minutes in longitude 64i° SO' W. ? 

Equation of time for noon at Greenwich^ 13 m. 56 
Variation for next 24 hours -|- 13*2 sec. 
Given time, 10 h. 14 m. 
Long, in time, 4 l6 

Green w. time, 14 30, opposite this and 

under 10 sec. is ... . € 

Proportional parts for 3*2 sec. . 1 

Equation of time required, . . 14 m. 4 

2. Required the time of the moon's passage over tl 
ridian. May 25, 1841, in longitude 75° E. ? 

Time of moon's passage over the meridian of Gree 
May 25, 1841, 4 h. 3 

Variation in next 24 hours + 52*7 m. 

Long, in time 5 h., opposite this and under | 
50 m. is 10*4 > 

Proportional piarts for 2*7 • 0*6 ) 1 

Time of passage required . . . 4 h. S 

3. Required the moon's horizontal semidiameter, M 
1841, at 10 hours 30 minutes in longitude 75° E. ? 

Horizontal semidiam. for noon at Greenwich, l6 h. ] 
Variation for next 12 h. — 4*1 sec. 
Given time, 10 h. 30 m. 
Long, in time, 5 

Greenwich time, 5 h. 30 m., opposite this, and 
under 4 sec. is ... . 



Horizontal semidiameter required, . 1 6 h. ] 

4. Required the moon's horizontal parallax. May 25 
at 10 hours 30 minutes at Greenwich ? 

Hor. par. for noon on 25th May 1841, 59 h. < 

Variation for next 12 hours — 15 sec. 
Time before noon, 1 h. 30 m., opposite this 
and under 10 sec. is . . 0*6 

Proportional parts for 5 sec. . . 0*3 



HorizoDtaJ parallax required . . 59 h. ^ 



TABLB OF THE DEPRKSBION OH DIP OP THE HORIZON. 
Page 67. 

This table contaias ttie ansle which a line drawn tram tlie 
eye of the observer to the risible horizon or edge of the water, 
makes with a true horizontal line passing through his eye. 
Hie numbers corresponding to the height of the eye are to be 
subtracted from the observed altitude when taken by the fore 
obserratioD, but added to it when taken by the back obser- 



TABLE OP THE DIP AT TAHIODS DISTANCES FROM THE 



Page 67. 

The former table contaicis the dip answering to an entirely 
UDobBtnicted horiEoo ; but as observations may be sometimes 
taken to obtain an altitude referred to the surface of the s 
itBOme known or estimated distance, this table, in which the 
iiitaiice of the ship from the shore is placed in the margin, 

I and the height of the eye at the top, must be used. 
On the SOth May 1840, under the longitude of Greenwich, 
tbe altitude of the sun's lower limb was observed at 49° 54' 
1!" 8., the observer's height was 18 feet above the level of 
tluaes, the barometer was at Sj)'8 inches, and Falirenheit's 
tbermometer was at 58°. Required the latitude ? 

Observed altitude of lower limb, 
Refi^ction, .... 



I 



Sun's semi diameter. 
Sun's parallax. 
Corrected Altitude, 
Zenith Distance, 
Declination, 

latitude of the place. 




Pago 67. 
The use of thia table is best shown by an esample : tbus. 

On board a shl]i, my eye being 40 feet above the sea, I dis- 

roTCf a ]ighthouBe ISO feet high, jiist appearing in the horizon; 

required my distance from the lighthouse ? ^^ 

Opposite 40 f.;ct in the table is 8-37 miles. ^H 

180 .. . 1775 ^H 

The distance is 26-12 miles. " 

A man in the main-top-gailant-maat of a man of wa.r, 220 
feet above the water, sees a lOO-giiii sliip, slie had engaged 
the preceding day, hull to ; how far are those ships distant 
from each other ? 

A ship of 100 guns is nearly 60 feet from the keel to the 
rails, from which deduct 25, her draft of water, leaves 35 feel 
for the height of iier quarter-deck above water ; and a ahiji 
is seen hull to when her upperworks just appear. 

Opposite 220 feet in the table is ig-62 miles. 
35 . . . 7S3 
The distance between them, 27'45 miles. 

When an object, of which the height above the horiion is 
to be determined, is at a very great distance, it is neceBsary 
to take into account the cfirrection arising from the curvatUK 
of the earth and from refraction. Thus, if the angle of ele- 
vation of a mountain, whose base is more distant than the 
limit of the visible horizon, was observed, by an instrument 
of reflection, its approximate height must first be calculated, 
and then the correction of that approximate height for the 
curvature of the earth, refraction, and dip, calculated, and 
applied to that height, for the true height above the sea. Thit 
is very easily performed by the aid of the table ; thus, Find 
the number of miles answering to the height of the obseirer'i 
eye above the sea, and take the difference between it, and thf 
distance of the mountain from the observer, in statute miles. 
Snd thia number in the table, under the title Distance, anc 
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immediately opposite, will be found the number of feet to be 
added to the approximate height of the mouatain, to find its 
true height above the level of the sea. 

Suppose the difitaiiue of the mountain 40 niile^ (or 211,200 
feet), and the observed altitude 1° 3' 30", the observer being 
iO feet above the level of the sea ; required the height of the 



1 



As rad. 

Is to 21 1200 


lOOOOOOO Dist. ofmounLiOmiles. 
log. 5-32+694 20 feet table, S-gS 


Su is 1" 3' 30" 


tan. 8-2fi6549 


6C3-5 = 34-08 


Approx. height 
Correction, 


3901'6 = 3-591243 




Sum, 
t]ie level of the 


456;>-I feet is the tri 


e height, nearly, above 


TABLES FOB 


CALCFLATINO THE HEIGHT OF MOUNTAIMS. 



Page 63 et seg. 

These tables were calculated by M. Oltmanns, and pub- 
lished in the Annuaire, by the French Board of Longitude, 
who charact«rized tlicRi as " the Rjost convenient of any pre* 
viously published for facilitating the calculation of heights." 
They are here given in English feet and inches, and adapted 
to Fahrenheit's scale. 

Let A be the height of the barometer in inches at the lower 
station ; h' that at the higher j T and T' the temperature of 
the barometer, as ttliown by an attached Falirenheit's ther- 
mometer, at the lower and higher station ; and t and I' that 
shown by detached thermometers, or the temperature of the 
tir. 

From Table I. take out the number which corresponds to 
A, « the next lesa than A which ia found in the table. Enter 
Table II. with the difference found in Table I. on the left- 
hind column, and the difference between A and the number 
need io Table I. at the top, and take out the corresponding 
umber ; add these together and call their sum a. In the 
tame manner, lake out the number answering to A' and call 
itb. From Table III. take out the numher answering to 
T — T* and call it c, then the approximate height of the 
upper station is a — i — c; but if T — T' is negative, the 
approsiniate height is a — l>-i-c. 



^ 
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To tfais approsimate height we must apply a oorrectioi 
the difference of temperature between the lower and liif 
stations, as indicated by the detached therm ometera ; wl 
is fouud thus : Take S3^ from each, and to the sum of 
remainders add one-ninth of itself, then iniilliply it by a tl 
sandth pai't of the approximate height. The roirection 
be positive or negative according as the sum of / -j- /' — 
is greater or less than 3S°. If t and ^ are less than 33°, 
number of degrees they are below it must be used iu 
manner to obtain the correction which will then be negal 

The next correction, which is always additive, arises i 
the latitude, or the diminution of gravity, and is foumi 
entering Table IV. with the last approximate height, in 
left-hand column, and the degrees of latitude at the to 
the page. 

1. Find the height of Guanaxuato in Mexico, latitude SI 
from the following observations of M. de HumboldL 

At the lower station or level of the sea the barometer 
SO-OiS inches, ^ A, the attached thermometer, TJ'S" = 
and the detached thermometer TT'S" = t. At the upper 
tion the barometer was S3'659 in. ^ h', the attached t 
moroeter 70'5° = T' and the detached thermometer 7 
= f. 



Table I. Opposite 30000 

,. / 0pp. 43 and under 40 

) 0pp. 43 and under 5 


is 


Table I. Opposite 23650 is 
II. Opp. 55 and under 9 is 

III. T _ T' = 7 opposite which i 


a 

14034 
9-9 
18-8 

6+c 


Approximate height =. a — b — c 

/ _ 33" = 77-5° — 32= = 45-5° 

/' — 32 = 70-5 — 32 = 38-5 

St-O" 




And Si+~ = g3'3 and 93-3 x 6-224 





Table IV. Opposite 6805 and under 21° is, say. 
Height in English feet. 



4 
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fi. Required the height of the Peak of Sooffdon, Jat. 5S^°, 
above Caeraarvoii quay, from tlie following observations f 

At lower station, barometer 29'984 inches ; attached ther- 
mometer 56''5°; detached thermometer 55-25°. At higher 
sUtion, barometer 26-271 inches; attached thermometer 
42'75° ; detached thermometer 43°. 

Table I. Opposite 

II / ^PP' *^ ^"^ under 
' 1 0pp. 43 aad under 

a = 90233-2 
Table I. Opposite 96-250 is 1676O 

TT / ^PP- ^^ ^^ under 20 is 20 
' ( '^PP- ^^ ^"^ under 1 is I 

T — T' = 13-75° opp. to which is 36-5 

b+c = 16817-5 
Approximate height ^ a — 6 — c 
( — 32° = 55-25° — 32° = 93-25'' 
r— 32 =43- 



Table IV. Opposite 3545 



a the lower station is considerably elevated above the 

Ikrel of the sea, the following table will give a small c 
t)M which is always additive. 

FOR 1000 FEET 



Barom. 


Coneo. 


^^^ 


CoiTM. 




16 


1-69 


24 


0-55 




18 


I-3I 


20 


0'34 




90 


1-03 


98 


0-15 




22 


0-78 


29-52 


0-03 
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Let, for example, the height of the lower barometer be 
20 inches, and the difference of level 3000 feet ; then for the 
correction we say 1000 : V03 : : 3000 : 309 feet ; the differ- 
ence of the level corrected would therefore be 3003*09 feet. 



THERMOMETRICAL SCALES. 
Pa«e 72. 

This table contains the corresponding degrees of Reaumur's 
and the Centrigrade thermometer to each degree of Fahren. 
heit's scale. Its use is obvious. 



TABLE OF THE HEIGHT OF THE APPARENT ABOYE THE 

TRUE LEVEL. 

Page 73. 

This table contains the quantities to be subtracted from 
the height of the mark to which a levelling instrument is 
directed, in order to obtain the point that is really on a level 
with the instrument. The curvature of the earth's surface is 
the cause of the difference. 



TABLE OP THE LINKS TO BE SUBTRACTED FROM EACH CHAIN 
IN AN ASCENDING OR DESCENDING LINE IN ORDER TO RE- 
DUCE IT TO THE HORIZONTAL MEASURE. 

Page 73. 

The first part contains the quantity to be subtracted for 
each degree of elevation as* far as 20°, which is as great an 
angle as usually occurs in practice ; and the second part con- 
tains those elevations which require an equal number of links 
and quarters of a link to be subtracted. This will be more 
ready in practice, and in using it if we take that elevation 
which is nearest to the true one we will obtain a sufficiently 
accurate result. 

The next table in the same page contains the angles an- 
swering to the subtenses in links measured at the distance of 
half a chain from the angular point. 
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TABLE OF THE SIDES OF INSCRIBED AND aRCUMSCRIBED 

POLYGONS. 

Page 74. 

This table is intended to assist practical men in laying off 
regular polygons^ and in finding their contents ; thus^ 

A polygon of 12 sides is to be inscribed in a circle of 60 
feet diameter^ required the length of the side of the polygon ? 

Tabular number, -2588 1 90 

60 



= 15-5291400 
15 feet 6^ inches very nearly. 

What is the area of a polygon of 8 sides circumscribed 
about a circle 80 feet in diameter ? 

Tabular number -4142136x80 = 33*137088 feet length 
of one side, and 33137088 X 20 (half the radius) x 8 (the 
number of sides) = 662*6176 X 8 = 5300*9408 feet = 588 
yds. 6*94 feet the area required. 



TABLES FOR FINDING THE AREAS OF OBLONG AND OBLATE 

SPHEROIDS. 

Page 75. 

These tables are intended to obviate the difficulty of find- 
ing the areas of spheroids and elliptical domes. 

Divide the difference of the diameters of the spheroid by 
tlie less diameter, and the first 6ive figures is the index, oppo- 
site to which in the table is the number to be taken out and 
multiplied by both diameters for the area required; thus. 

To find the area of an oblong spheroid whose diameters are 
50 and 40. Here — ^ — = 40 ~ '25000, the index oppo- 
site to which in %he table is 2 9413189 and 2*9413189X50 
X 40 = 5882*6378, the area. The area of this spheroid by 
Dr Button's Rule is 5882*6385. 
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If the index is not found in the table ; take the number 
opposite the first two figures of the index^ and also that im. 
mediately under it; multiply the difference between these 
numbers by the three right-band figures of the index^ and 
cut off three figures to the right> the remaining figures de- 
ducted from the number first taken out will leave the number 
answering to the spheroid whose area is sought. 

Note. If the spheroid is oblate, instead of deducting, add, and 
the sum will be the number sought. 

To find the area of an elliptical dome whose diameters at 
the base are 50 and 30, and its height 15, being half of an 
oblong spheroid. 

Here — ^ — = 30 ~ '^^^^^ ; then 

Opposite to '66 in the table is 2*7652036 

Opposite to -67 in the table is 2*7622314 



Difference, 29723 

The three right-hand figures of index, 667 



Product, 19824,574 

Then 2-7652036 — 19824 = 27632212, and 27632212 X 
50 X 15, the height, = 2072*4159, the area, which by Dr 
Button's Rule is 2072413 15. 

Required the area of an oblate spheroid whose diameters 
are 57 and 33 ? 

, 24 

57 — 33 = 24 and — = 72727 ; then 

Opposite to 72 in the table is 3*9787360 

Opposite to 73 in the table is 3*9912539 

Difference, 125229 

The three right-hand figures of index, 727 

Product, 91041*483 

Then 3*9787310 + 91041 = 3*9878351, and 3*9878351 X 57 
X33 z= 7501*1178, the area. 
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How many equare yards of cloth are in a balloon in 
iana of an oblong spheroid whose litamcters are 46 feet 6 
inches and S6 feet ; how many cubic feet of gas will it con 
tain, and what will the gas cost at 9s. per 1000 cubic feet ? 



46-5 — 36 = 



ind-^ : 



■29166; then 



Opposite 29 in the table is 2-9178936 

Opposite 30 ... . 2'9123145 

Difference, 55791 

The three right-hand figures of index, i66 



Then a-91 78936 — 926I = 2-9169675, and 2-9169675 X 
46-5 X 36 = 4883-003595 square feet =1 542-555955 Bquare 
yards of cloth. 

Also 36 X 36 X 46-5 X 5236 = 315542304 cubic feet of 
gaa, which at 99. per 1000 cubic feet = £14, 4b. 



TABLE OF JOISTINO. 
Pages 76 Kud 77. 

In using this table to find the cubic content of the joist- 
i>% we hare only to multiply the number in the table an- 
swering to the size of the joist and the distance between cen- 
tres, by the number of square yards in tiie floor (allowing for 
iW holds in the wall), to obtain the cubic content : Thus, 
tlie floor of a room, including the holds of the joists in the 
mil, measures 40 square yards ; the joists are 10 inches by 
3, and the distance between their centres is 15 inches. Ke- 
quired the solid content of the jnieting f The number in the 
table answering 10 inches by 3, and 15 inches between cen- 
tres is 1 foot 7 inches 3 parts, and this multiplied by 40 gives 
64 feet 2 inches for the solid content. 

This table may likewise be used in finding the value of the 
tiraber; for the feet in the table are shillings, the inches, 
peuoe, and the parts, 12th parts of a penny, &c. when the 
timber ia at Is. per cubic foot : Thus, when the price of timber 
i> Ss. gd. per cubic foot, what is the value of a square yard of 
joistiDg, 8 inches by 3 inches, and 16 inches bet'«eeTi wwitt^a^ 
c % 



« 
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The number in the table answeiing to 8 inches by 3 inches, 
and 16 inches between centres, is I foot 2 inches 6 parts. 
Hence the value of a square yard at Is. per cubic foot is Is. 
2^. ; then 

6d. = ^s. Is. 2|d. 

2 



2 5 
3d. = i 7i 



Hi 



Ss. 3f i value at 28. 9d. per cubic yard. 



The Miscellaneous Tables, from page 78 to the end^ will 
be readily understood by those for whose use they are in- 
tended. 
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AN EPITOME OF COMPOUND INTEREST AND 

ANNUITIES CERTAIN. 

I. COMPOUND INTEREST. 

Let/? denote the principal^ r the simple interest of £l for 
a year, R the amount of iJl at the end of one year := 1 + r, 
n the number of years, and a the amount at the end of n 
years: then 

1. a rs/^R". 3. r:= y{a -i- /?) — • i. 

2. /? = a X g;j. 4. n = (log. a — log. p) -^ log. R. 

When the interest is payable m times in a year at m equal 
intervals ; then each payment is the mih part of r, and their 
number is nm in n years ; hence 

r\mn 

When the interest is payable half yearly we have 
6. a=:/?(l+^^ . 

And when it is payable quarterly we have 

II. ANNUITIES AT COMPOUND INTEREST. 

Let a = the amount of the annuity or periodic payment 
pi n the number of payments, r the simple interest of £l for 
a year, and R the amount of £l at the end of the first year 
= 1 + r; then 

ha = ^x (R" — 1). 2. /? = ar H- (R* — 1). 

3. n = log. (1 + ar -5- ^) -s- log. R. 

4. r = {ii + OMlM^, where rf= (^)^ - 1. 

18 + 8 (« + l)d V' 
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When the annuity is payahle m times in a year for n years^ 
each payment being the mth part of the annuity^ and q the 
number of payments of interest^ each being the ^h part of r ; 
then 

III. PRESENT VALUE OP ANNUITIES AT COMPOUND INTEREST. 

Let p denote the present value of an annuity a, for n years, 
r the simple interest of £l for a year, and R the amount of 
£l at the end of the first year; then 

1. /? = ^ (1 - ^). 2. a = pr(^^). 

3. n =z {log. a — log. (a — rp)} -^ log. R. 

If the annuity is to continue for ever, it is then called a 
Perpetuity, and the quantity R** — 1 becomes the same as 
R*», in which case we have 

4. /? = - ; 5. a "= pr ; and 6. r = -. 

When the annuity is payable m times in a year for n years, 
each payment being the ^th part of the annuity, and q is the 
number' of payments of interest, each being the yth part of r, 
then the formula becomes 

7. /» = !(! -^)^{(l+f )"-!}, 
and when it is a perpetuity it becomes 

a 1 
8P=«X 5 



a+^r- 



1 



IV. REVERSIONARY OR DEFERRED ANNUITIES AT COMPOUND 

INTEREST. 

Let j» = the present value, a the annuity or periodic 
payment, n the number of years it is to continue after d years 
have elapsed, r the simple interest of £l for a year, and R 
the amount of£l at the end of the first year = 1 + r ; then 
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3. » = log. (1 — prW -i- a) -i- log. R. 

4. £f = {log. (1 — ^ ) _ log. (pr -^ a)} ~ log. R. 

When the reversion is a perpetuity, R" — 1 becomes the 
same as R**; whence 

5. p=^X^. 6. a= prW. 

7. cf = (log. a — log. pr) -5- log. R. 

When the annuity is payable m times in a year^ each pay- 
ment being the mth part of the annuity, and q the number 
of payments of interest in a year^ each being the ^h part of 
ri then 

And for the reversionary perpetuity we have 

9 



9-^=^((rTrr»)-«^+;>-^^ 
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I. PARALLELOGRAMS. 

1. In a square whose side is a, the area = a xa^ or a^. 

2. In a right-angled parallelogram of which one side is a, 
and the other 6, the area is = a X & 

3. In any parallelogram of which one side is a, and the 
perpendi<nilar let fall upon it from the opposite side is p, the 
(treais = axji7* 
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4. When the two diagonals^ d and d' are given ; the area 
is = icfxcf'. 

5. When two sides a and b and the contained angle c are 
given, the area is = a X 6 X nat. sin. c. 

II. TRIANGLES. 

If A, B, C, represent the three sides a, b, c, the angles 
respectively opposite to these sides, and p the perpendicular 
fiEdhng upon tne base B, then 

1. Area = |Bx/?. 

2. Area = ^AxB xnat. sin. c = ^A x C X nat. sin. b 
= ^B X C X nat. sin. a. 

3. Area = V{«x(« — A) x(« — B) X (« — C)}, where 

,^ A + B + C 
s 18 equal to 5 . 

4. Area = \A^iJ3, when the triangle is equilateral, and 
A = the side. 

III. TRAPEZIUMS. 

Let a and c be two sides opposite each other, b and d the 
otjier two opposite sides, e and e^ the two diagonals, r the 
angle formed by their intersection, and p and /?' the perpen- 
diculars &lling from opposite angles upon the diagonal e; 
then 

1. Area = ^(jp+p^. 

2. Area :=z ^exe^X nat. sin. r. 

3. Area = i{(a« +c«) 00 (6« — d^)} x nat. tang, r.* 

4. When the trapezium can be inscribed in a circle, or 
when the opposite angles are together = 180^ 

Area == V{(« — a) X (s — b) X (,s — c) x (s — d)} 
where s is equal to half the sum of the four sides. 



* This fonnula fiuls when the diagonals intersect each other at right angles ; 
for then the tangent is infinite, ana the difierence of the aggregates^ the 
aquarea ia notbing. 
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5. Area = ^(ab + cd) X nat. sin. z, where z is the angle 
contained by a and b, or by c and tf. 

6. If a and c^ or b and cf be parallel^ and p their perpendi- 
cular distance^ then 

Area = ip((i+c), or = ip(b+d). 

IV. REGULAR POLYGONS. 

If s represent one of the sides^ n the number of sides^ and 
p the perpendicular from the centre upon s, then 

1. Are2L = ^pxsxn. 

2. Area = nxjo* Xnat tang. -g-. 

360" 

3. Area = ^wx^^Xnat. cot -x—, or ac ^ x ** X nat. tan. 



2n 



(»- - s- . 



•4. Area =;«' multiplied by the multiplier answering the 
number of sideTs taken from table^ page 81. 

V. CIRCLE. 

If r represent the radius> d the diameter, and c the circum- 
ference, then 

1. Area = ^xd, 

2. Area = -78539 &c. X d^. 

3. Area = -079577 &c. x c«. 

4. Circumf. = 3-14159 X d. 

5. Diameter = 3.14159 ^^. > or = c x -31 839 &c. 

TI. CIRCULAR ARCS. 

Let r =: the rad. d = diam. of any circle, and s, c, v, t, seCs 
e sine, cosine, rersine, tangent, and secant of the arc 

whose length is required, and let the number of degrees and 

nnniiteSy &c. which it contains, = it ; then 
1. Arc = r X « X -01745329 &c. 
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2. Arc = t — 3 + 5 — 7"+ 9 — &c. xr. 

. lec *ec» , fee* *ec'' , ^ 

4. Arc = — - 3^ + ^5^--^-+&c.xr. 

5. Arc = V2»{i+2r3+2r4:s+iM:6:7+&c}xr. 

If c = the chord of the whole arc, & = the chord of 1: 
the arc> and h = the height of the segment, or versine of I 
the arc, then 

6. Arc nearly = ^dj ^ ^ . . 

7. Arc nearly = g{5d^^^^^—^+4i^/dh]. 

8. Arc nearly z= — ^^. 



VII. CIRCULAR SECTORS. 

Let / represent the length of the arc, r the rad. and n 
number of degrees it contains ; then 

1. Area = ^rx/. 

4r'» 



2. Area = -78539 &c X 



360 



VIII. CIRCULAR SEGMENTS. 



Let a represent the area of the circular sector, c 
chord of the arc, v the versine of half the arc, d the diai; 
ter, and r the radius ; then 

1. Area of segment = a dr ic(r — v), 

S. Area = 2Vrf»X {|_^_^_^_&c.}; ( 
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where A, B, C, &c. are the preceding terms. 

3. Area= 3 t?Vf«+|- A— -"^3+^0 — ^^^ D+ &c., 

where z •=. {d — v), and A, B, C, &c. denote the preceding 
terms. 

*• Area = 2«'_^y«A_5^g»B-||!?«C,&c. 

where cf is the cosine of half the arc^ and ^ := - ; A^ B^ C^ &c. 
being the preceding terms. 

4 2 

5. Area nearly z=-v{J{dv — v^)+^Jdv\. 

4 3 

6. Area nearly zz ^ t?(rft? — a ^*)* 

If :r = the chord of half the arc ; then 

4 4 

7. Area nearly = j^ t? (c+ « «). 

8. Area nearly = |t?V(i«?*+|t?«). 

9. Area nearly = c?* x tabular number answenng to ^ m 
the table of circular segments^ page 47. 

Note. The area of a circular zone is found by taking the differ- 
^ce of the areas of the two segments ; and the area of a circular ring, 
^7 taking the diiference of the areas of the two circles ; or if d' and d 
be the two diameters, then the area of the ring as ( (/' + «0 ^ ('^ — ^) 
x*785S9&c 

IX. ELLIPSE. 

If ^ = the semitransverse axis c = the semiconjugate, 
^ any absciss, y the corresponding ordinate^ and p the para- 
nieter; then 



/ 
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1. The ordinate y = f ij^ — «*)• 

2. The Absciss a; = ± - V(c** — y*)+^- 

3. The semiconjugate c = ^^^J_^.y 

ex 

4. The semitransverse ^ = -^[c± y/(c^ — y«)}. 

5. The parameter p =z —, 

Making I ^ = w and C = circumference of circum- 

scribing circle ; then 

1. The periphery = C x {1 — g^ — grp — 2».4«.6' 
• • "* — &c.} ; or making N = 3*14159 &c. 



2. Periphery nearly = N X (/+c). 

3. Periphery nearly = N X V2(/« + c«). 

4. Periphery very nearly = 4N{/+c+ V2(^* + c*)}. 

The letters still denoting the same things. 

1. Area = Nx^Xc. 

2. Area = Nx/Xc X sin. of the angle of intersection; 
in this expression t and c are any pair of semiconjugate 
diameters. 

Let i and c denote the semitransverse and semiconjugate 
axes respectively, and z the distance of the ordinate from the 
centre; then the elliptic arc bounded by the ordinate and 
parallel semiaxis will be 

1. Elliptic ^Tc = z{l + ^,z^+ -^^^3 ^^ + lilF^^ ' 

X«» + &c} 



\ 
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Make — ^^ — = q ; then 

3. The arc nearly = ^i^c^^l^c 1 21^ ^''' 

C being the whole axis where the arc begins, and p, x, &c., 
the corresponding parameter, absciss^ and ordinate. 



X. ELLIPTIC SEGMENTS. 

Find the area of the circular segment described on that 
axis to which the base of the segment is perpendicular^ and 
call it ;r ; then 

1. As this axis : the other axis : : z : the elliptic segment. 
If the height of the segment be represented by h, and the 

vertical axis of the ellipse by v, and - := ^ ; then 

2. Elliptic segment =: tcx tabular number answering to q 
in the table of circular segments, page 47. 

XI. PARABOLA. 

Let X =: any absciss, y = the corresponding ordinate, and 
p the parameter ; then 

2 
4. Area between x, y, and the curve = ^ xjf. 

XII. PARABOLIC ARCS. 

Make ^ = q, and V(l + ^*) = s; then 

1. Parabolic arc = ip{qs+hy^, log. (g+s)]- 

2. Parabolic arc = 2y{l + 11- ^ + 1|^ - ^|^ 

f 
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3. Parabolicarc = 2y{l + |^A— ^B+?^C— &c.} 

where A, B, C, &c. denote the preceding terms. We have 
also 

4. Parabolic arc nearly = 2/,/(y* + fa;*). 

5. Parabolic arc nearly = f { V(y* + 1^*) — ^' ^^^' } • 

XIII. PARABOLIC FRUSTUMS OR ZONES. 

Let d' and d represent the two ends^ and p the perpendi- 
cular distance between them ; then 

1. Area of zones = |/? x „, ., . And when d-=.0 

2. Area = |/? x cf' for the whole parabola. 

XIV. HYPERBOLA. 

Let t = the semi transverse diameter^ c = the semicon- 
jugate> X = any absciss^ and y its corresponding ordinate ; 
then 

1. y = ^ J{^tx+x^). 2.x = ±~ V(c«+y«) — /. 



3. c = 



^ 



V(2?fc)- *• ' = y^ { ^(^' +y*) =fc ^1- 



XV. HYPERBOLIC ARCS. 



Let y •=. the ordinate which limits the arc to be measured 
from the vertex, and / and c as before^ and making 

-TT- = ^ ; hyp. log. ^^ZVi_J^_; _ ^^ ^^ 

i{yV(c*+y*) — 5c«C} = D. 
&C. &c.; then 
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l.Arc = cx{A+|B-|lc+|^D-|g^E+&c.} 

Z, AFC— yXlJ + g^ ;^^i h jYg^n 

3. Arc— 5^X11 + -g^ A ^X-gjj-U-f ^. + 4^, 

^14c*^~ t* + 4««c«+8c* ^72c*^ + *^J 

In which last A^ B> G^ &c are the preceding terms. 

, . , 30c'< 4- (19<« + 21c«> 

4. Arc nearly = ^,.,^^^t^ ^tlc^)x ^2/- 

XVI. HYPERBOLIC SEGMENTS. 

Let 2y = the double ordinate which cuts off the segment, 
and z its distance from the centre^ ty c, and x as before ; then 

1. Hyp. seg. area =: z^ — tcx hyp. log. ^^ ' » 

Making ^^^ = q ; then 

2. Hyp. seg. area = 2xy{i _ jX-«.-^_^-&c.} 

3. Hyp. seg. area = ^xy{\ — ^Aq — i^B^ — ^Cq — &c.) 
vhere A, B, C, &c. represent the preceding terms. 

4. Area nearly = ^ {4V(2/ir+|a:«) + ^2/^;}. 

5. Area nearly = ^~ 1 21 ^(^tx +?««) + V2/ir}. 



XVn. HYPERBOLIC FRUSTUMS OR ZONES. 

Let z' = the distance of a second double ordinate 2y> the 
'est as befcMre ; then 
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Area of the zone contained between 2y and sy = ^y - 
_ /c X hyp. log. of |:J^. 

XVIII. PRISMS AND CYLINDERS. 

Let p = the perimeter of the base, a its area, and h 
height; then 

1. Curve surface =zpxh, 

2. Solidity = a x A. Formula also for oblique prisms 
cylinders. 

XIX. PYRAMIDS AND CONES. 

Let h' = the slant height, the rest as before ; then 

1. Curve surface = iph\ 

2. Solidity =: JoA. Formula also for oblique p] 
mids and cones. 

XX. FRUSTUMS OF CONES AND PYRAMIDS. 

Let a and a' = the areas of the two ends, p and /?' tl 
perimeters, h the altitude, and hf the slant side ,* then 

1. Curve surface = ih'{p^+p)' 

2. Solidity = ^k(af +a) + ^hja^ x o. 

When the ends are circles, or regular polygons ; puttin 
and d^ for the diameters, c and d for the circumferences 
circles), or s and s^ for the sides of the polygon, and T for 
tabular multiplier answering to the number of sides^ Ta 
page 81 ; then 

1. Solidity of conic frustum = lh{d^ + d!d+ d'^) X '7Si 

2. Solidity of conic frustum = J^(c* +€^0 + c'*)x*07£ 

3. Solidity of pyram. frust. = ^h(s^ +s^s + *'«)xT. 

XXI. PRISMOIDS. 

Let a' and a = the areas of the two ends, a" the area 
the middle section, and / = the length ; then the 



Solidity = J/(a + M' + a'). 
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Let I = tlie length of the hase, I' the leastU of the edge, i 
b = the breadth of the base, ami A tlie height of the wedge ; 
then the solidity = JA6(2/+f). 



Let d = the diameter, c = tlie circumference, and * : 
aarfave; then 


nth 


1. Surface = cd == 3-14139rf« = SlSSc^. 




2. Solidity = J*d = -OiesSe' = -SZSGd'. 




XXIV. SPHERICAL BEQMEBTS AND ZONES. 






1, Surface of segmcDt = 3'14I5.9rfA. 

a. Solidity = -5236A(3/-«+A«). 

3. Solidity = ■5236A{3rf — 2h). 

For the zones let r and r" =: the radii of the two endsi i 
and A =: the altitude; then 

L4. Surface of zone = 3-14I5g(/A. 

L, Solidity of aone = I-5708A(/-« + r"' + iA«). 

XXV. CIRCULAR SPINDLE. 

Let / = i the leiigth of the spindle, »i = ^ its middle dia- 
Bieter, a := the length of the generating arc, and of the Bi'ei | 

irfthe generating segment, and make also ■■ „ ■ - ^ r; then 

1. Surface of spindle = 2[lr — a(r — m)] x 3-14159. 

S. Solidity of spindle = 4{^l' — iaXr — m)] X S-lii 5g. 

For the middle isone of a circular spindle, let / = ^ length 
of spindle, /' ^ J length of the 
ud m and r as before ; then 

3. Solidity of zoDe = 2{(/« — 
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'-■ \i 



XXVI. SPHEROID. 

Let/= the fixed axis/ and r = the revel viiig one^ then 

■"^^ ='->■- ^^ - , 

1. SurfiEu;e of spheroid = 3'l4il59fr(l1f.^-—-^If-—^,&c.) 

using the upper signs for the oblong, and the under signs 
for the oblate spheroid, and putting A, B, C, &c. for the pre- 



the 



ceding terms. If we put « = 5, * = ^(1 c/^ z^), n = 

number of degrees, &c. of the arc of which s is the sine, P 
= 'Oil AibS^n in the oblong, and P = 2'30285 X log. \s+ z) 
in the oblate spheroid ; then 

2. The surface = — ^ X 3'14159r. 

3. Solidity = i^« X 3-14159. 

XXVII. FRUSTUMS OF SPHEROIDS. 

Let/= the fixed, r = the revolving axis, and h = the 
height of the frustum ; make also — 55 — = Xy and —75- = z; 

then, if the frustum be cut off by two planes perpendicular to 
the fixed axis, and one of those planes pass through the centre 
of the spheroid, 

1. Suriace=3U159M(l±,%-g±?g-'-5g?±&c) 

where A, B, C, &c. are the preceding terms ; the upper si|f^ 
being used for the oblate, and the under ones for the obloog 
spheroid. 



i.-- 



Let d = diameter of the greater end, and d' zs. thatof jtbe 
less; then 

2. Solidity =5 sf^(^^ + d'^)kx S-14159. 

if the iriistain be cut off by planes, one of \^lmjr'p2ifai^ 
tkivug^ the ixei vac^ and the otb«r parallel to it, fSin 
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if / = transverse, and c = conjugate axis of the greater end, 
and t' and (/ for those of the less end, 

3. Solidity = A<2/c + f&)h X 3- 1 41 59- 

Note. For the whole middle frustum, the preceding results must 
be doubled. 

XXVni. SEGMENTS OP SPHEROIDS. 

Let h = the height of the segment, /and r as in the pre- 
ceding ; then, when the base is parallel to the fixed axis, 

1. Solidity = ^ (3r c/n 2h)h^ X '5236. 

And when the base is parallel to the revolving axis, 

2. Solidity = j^ (3/(/) 2h)h^ X'5236. 



XXIX. ELLIPTIC SPINDLE. 



Let / = length of spindle, a = the perpendicular axis of 
the ellipse, p = the parallel axis^ c = the distance between 
the centre of ellipse and spindle, and^ = the area of the gen- 
erating segment ; then 

1. Solidity = 1-57078 X (|^ — 4€g). 
And when d is the greatest diameter of the spindle, we have 

2. Solidity = |/ x '7S54^[d^ — 4c ( 5i^ — . </)}. 

XXX. PARABOLOIDS. 

Let r = the radius of the circular base, and a the altitude 
^ the solid; then 

1. Qarhce = 2-iif^|<^«+4a«)f _^5|^ 

2. Solidity = 3-14159 x i^^a. 

XXXI. FRUSTUMS OF PARABOLOIDS. 

Let d = the greater diameter, d^ =s the less, p the pam- 
Mer, and A = the height of the frustom ; tHELen, w\Mssv^dDA 
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base of the frustum is perpendicular to the axis of the para- 
boloidj we have 

1. Surface ^i P^ -^ d^f ^iP^ -^ d'^f xixS'UlSg. 

2. Solidity = SQ'^lh^d^ + d'^), or when d' = 0; then 

3. Solidity = '3927hd^ for the whole paraboloid. 

XXXII. PARABOLIC SPINDLE. 

Let / = the lengthy and m = the middle diameter of the 
spindle; then 

1. Solidity = '4ilS879lm^' 

Let d = the diameter of the end of the spindle^ and we 
have for the middle frustum 

2. Solidity = '05'2S6l{8m^ +3d^ + i>dm). 

XXXIII. HYPERBOLOIDS. 

Let a and c = the semiaxis of the generating hyperboloid, 
f = the distance of its base from the centre. Also let z 

= -77—7- — r be the semitransverse of another hyperbola, 

whose semiconjugate c, is the same as that of the former. 
Then find by the formula in XVII. the area of the frustum 
of this latter hyperbola, whose ends are distant from th«t 
centre by v and a, and multiply this area by 3'14159 for the^ 
surface ; that is, ..i 

1. Surface = 3'14159 X (v/ — ay — zcxhyp. log. ■^— — j> 

where ,^' and y are the ordinates of the latter hyperbola^ 
whose distances from the centre are v, and d. 

2. Solidity = 3*14159 X \ar^ x 73.—^ wherea = thealti- 
tude, r = the radius of the base, and / = the transverse ajds. 

!Let d =: the diameter in the middle between the base aj^4j 
the vertex ; then 

S. Sididity = ^^^i^ xax 3-14159. .-'^ 
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XXXIV. FRUSTUMS OF HYPERBOLOIDS. 

Let d and rf' = the semidiameters of the two ends, a =: 
^he altitude, and t and c = the transverse and conjugate axes ; 

then 

1. Solidity = 3'U159xMd^ + d'^ — ^). 

2. Solidity = 3'U159Xia(d^ + 4id''^ +d'^), where ef is 
the middle diameter. 



XXXV. HYPERBOLIC SPINDLE. 

Let a = the generating area, d the greatest diameter, and 
I = the length of the spindle ; then 

1. Solidity = 3-14159 X|(^-^— — i^^)- 

2. Solidity = 3-141 59 XK^^ + ^^^^^X^)' ^^^^^ ^ " 
the central distance. 



XXXVI. SPHERICAL LUNES. 

Let d = diameter of sphere, b = greatest breadth of lune, 
or the arc which measures the distance of the two great 
Giitles between which the lune is comprised,^ the whole sur- 
hce of the sphere, and n the number of degrees in the angle 
of inclination of the two great circles ; then 

1. Surface = dxb^ or 
«. 8ar£Ke = ^. 

XXXYII. 'SPHERICAL TBIANGLES. 



i !■• 1 



I Let d^ r= th^ diameter of the sphere^ and s the sum of the 
tlm ^i^les of the triangle ; then 

s ... 180* 
Sur&oe of spherical triangle = 3*14159 Xit^ X '^ «;o»rS> * 
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XXXVin. SPHERICAL POLYGONS. 

Let n = the number of the angles of the polygon, anfl d 
and tf as in the last ; then 

Surface of polygon = 3'Ul59xd^ X ' "" ^^!^^^ "^ ^\ 

XXXIX. CYLINDRICAL UNGULJB. 

I. When the plane passes through the base of the cylinder. 

Let h = the altitude, b =i the area of the base, a == ^ the 
arc of the base s, c, v, respectively zz the sine, cosine, and ver- 
sine of ^ the arc and d = the diameter of the cylinder ; then 

1. Curve surface of ungula = - — ^ — ^• 

2. Solidity of ungula = 3lL=iE)*. 

II. When the plane does not pass through the base. 

1. Curve-surface = ^(A+A') XS-14159xet 

2. Solidity =i(A+A')X 'TSSSgxci*, 

3. Solidity =^(A+A')X '07958 xc«, 

where h is the greatest height, V the least height, and c tlie 
circtamference of the cylinder. 

XL. CONICAL UNGULS. 

I. When the cutting plane passes through the opposite 
ends of the frustum. 

Let d = diameter of greater end, d' z= that of the less, 
and h =: the altitude ; then 

1. Surfece of the greater hoof = •W539xV{a«t(^-,.^ il 
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2. Surface of less hoof = ^ d^df "" 



^{i^'jdxd' — d'^). 



3. Solid.* gr. hoof = — "^^^^ X Jett X '78539. 

4. Solid, of less hoof = d^^ ^ i^^ ^ •78539. 

5. Diff. of hoofs ^ ^*J^ X JA X -78539. 

II. When the plane passes through any part of the base. 

Let h' = the height of the segment forming the base of 

A' 
the ungula, A = the tabular segment whose Tersine is 3> B 

= that corresponding to „ , and the rest as before ; 

. then 

A'* ^ 

1. Sol. under hoof = {Axd^ — Bxd'^ X %\ 

{k'^d-^dy} 

2. Sol. upper hoof = {78539 X (^' — rf'^) — Ad^ + Brf'« 

A'* 
{k'^d + d'f 

XLI. REGULAR BODIES. 

'aLetr':^ the side, or edge^ of one of the equal faces; tten 

. 1. Surface = ** x tabular number answering to the*Dwy 
ii^^j page 81. _,. ^^ 



2. Solidity = «' X tabular number answering fo the .bpdj 
inTable, page 81. ^ ^ ^^ .tv - ^- — ^t;.^^ 



f 
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AN EPITOME OF MECHANICS. 



I. DESCENT OF BODIES IN FREE SPACE. 

Let s represent the space fallen through in the time t, 9 
the velocity acquired in that time, and g = l6^^ = ^ the 
force of gravity in the latitude of London ; then 

L s-gt"" = ^^ = itv, ll.v = 2ge=:~=2^gs. 



9 



2g V ^ g ° it t^ ^i 



II. DESCENT DOWN INCLINED PLANES. 

Let a represent the angle of inclination of the plane, and t 
its length; then 8 X sin. a its height, and, substituting 
g X sin. a instead of ^ in the preceding formulse, we have 



«« 



I. tf = gt^ sin. a = 1 — -; — = htv* 

^ 4gf sin. o ^ 

II. V = 9gt sin. a = — = 9.»Jg8 sin. a. 

tg Sin. a V V g sin. a 

IV.s.D.a = ^,= - = ^. 

III. VIBRATIONS AND LENGTHS OF PENDULUMS. 

Let^= l6^,ji? = 3-14.159; the length of the seconds pen- 
dulum vibrating in very small arcs in that place = ^ we have 

^ 1= "4 ; and as the lengths of pendulums are reciprocally^ a» 
ibe squares of the times of vibrations, we have, for the Uiti^ 
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of a pendulum vibrating once in t seconds in the same place^ 

This formula supposes an infinitely small arc ; but if the arc 
is considerable, then, if r = the versine of half the arc of vibra- 
tion, and d = the diameter of the arc described, or twice the 
length of the pendulum, we have 

The time of revolution in a pendulum describing a conical 
surface is equal to the time of two oscillations of a simple 
pendulum, equal to the height of the cone, whatever may be 
the radius of its base. 

IV. PROJECTILES IN FREE SPACE. 
I. ON HORIZONTAL PLANES. 

Let s, c, and / denote the sine, cosine, and tangent of the 
angle of elevation respectively, 8 the sine, and v the versine 
of twice the angle of elevation ; R the horizontal range ; T 
the time of flight ; H the greatest height of the projectile 
g-=z 32*2 feet; and a the impetus or altitude due to V the 
velocity ; then any two of these being given, the others may 
he found thus, 

ff te ' t t 

is- ^ \g ^ kg V 4gc V 4^ 

n-,.; ... . 

n. ON INCLINED PLANES. ' " 

^t-Ijiet IT ziz. cos. of direction above the horizon ; C = Cos. of 
inclination of the plane ; s sine of direction above the jp>lane ; 
* jUie raage in the oblique plane ; T the time of flight ;, V 



k 



^ 
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the projectileTelocity ; H the greatest height above tlieftlsoet 
a the impetus, or altitude due to the velocity V, ahd g 
= 32-2; then , 

H - il /, - l!l! - '-?! -^ Tfi 
" — C« " — ^gC^ — 4c — 8 • 

Let t? = the velocity of any shot or shell ; B its weight, 
and C the weight of the charge of powder; then v = 

-g- = 2263 /g^ according to Dr Hutton's experi- 
ments; but according to Dr O. Gregory's experiments, on 
better powder v = l600 ^~ = 2771 /g. 

Let r = the range of a shot or shell at the elevation e, 
and R the range at another elevation £, then we have sin. 
2e : sin. 2E : : f : R. , 

Also, if w = the charge of powder for the range r, and W 
the charge for the range R; then w? : W : : r : R. 

V. CENTRE OP GKAVITy OP BODIES. , i 

Let CO =i the distance of the centre of gravity from thfe 
vertex, and a = the line joining the vertex with the middle 
ofthf^ba^e; then ^ it 

In a plane triangle, . . CO = §a« 

In a right cone or pyramid, CO = -fa. 

In a circular a^c^ from the centre, CO = S!^5!ii2^., 
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Isisf qeMBbind^f from the centre, CO =: ^ '?^??.', , , i 

^, .f'-'f^ ■ ., . ^^ 

In a circular aeg,, from the centre, CO = 
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In a circular sector, from the centre CO = or x rafliu s^ 

3 arc 

In a parabola, • • . CO = fa. 

a — ^ Jl Q 

In a segment of a sphere, from vertex CO = -js — I'Z^^ «• 

In a semisphere or semispheroid, CO = |a. 

In paraboloid^ • . . CO = |a. 

In a hyperboloid, . . . CO = ^^^ a. 



VI. THE CENTRE OF GYRATION. 

Let CO = the distance of the centre of gyration from axis 
of motion; then 

In a right line or thin cylinder, CO = length x VJ* 

In the plane of a circle or cylinder re- 
volving about the axis, . . CO = rad. x V^- 

In the periphery of a circle revolving 
about its diameter, . . CO =: rad. x V^* 

In a wheel with a very thin rim re- 
. volving about its axle, . . CO = radius. 

In the plane of a circle about its diam. CO = i radius. 

In the surface of a sphere about the diam . CO = rad. X V i • t 

In a globe revolving about the diam. CO = rad. X Vf • 

I^b a. cone revolving about its axis, CO = rad. x k/^j^ 



i > 



In a lever whose arms are B and b, CO = v qp X a^ ♦, 



VII. CENTRE OF OSCILLATION. 

.^tCO ^ the distance of the centre of oscillation from the 
point of suspension; then 



v.'>. 
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In a right line or cylinder, CO == | of its length. ^ 

In an isosceles triangle suspended 

at its vertex, . . CO = f of its altitude. 

In a circle suspended at its cir- 
cumference, . . . CO = I radius. 

In a common parabola suspended 

at its vertex, . / GO = i^ of its altitude. 

16 any parabola, . . CO = 5 — —j x its altitude. 

When the body vibrates laterally or sideways. 

In a circle, . . . CO = | of its diameter. 

In a rectangle suspended by 

one angle, . . CO = | of its diagonal. 

In a parabola suspended by 

its vertex, . . CO = f axis + J parameter. 

In a parabola suspended by 

the middle of the base, CO =: f axis + | parameter. 

T . r • 1 nr\ 3 arc X radius 

In a sector of a circle, CO = . , , — . 

4 chord 

In a cone, . . . CO = | axis + ^"^^^"/^.^^")^ 

^5 axis 

In a sphere, . . CO := radius +<^+ 



5(rf+radius) 
where d is the length of the thread by which it is suspended* 

VIII. CENTRE OP PERCUSSION. 

When the body revolves about a fixed point, the formula? 
given for the centre of oscillation will answer for the centre 
of percussion ; and when it moves in a straight line, or with 
a parallel motion, the formulee are the same as those given 
for the centre of gravity. 

IX. CONSTANT FORCES. 

Let/ and F, be any two constant accelerating forces aoiing'. 
«i an/ body, during the times / and T, respectively^ at the cno 
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of which are generated the velocities v and V^ and the spaces^ 
described are 8 and S ; then 

^* S "" TV — T^F "" vy ^' V "" FT ~ Sr ■" V FS", 
^ _ F» __ *V __ /F* / _ T^ _ T2* _ t^ 

^* T,""7v~ s^"" vys* *' F^ tv-"«^ — v^' 

When one of the forces, as P, is gravity, and T = 1", then 
S = l6y^j feet = g, and V = 32 J feet = 2g, in which case 
these become 

5.s = ^tv=gft^ = ~j. 6.v = ^-l-=: 2gft=2^gfs. 



AN EPITOME OF TRIGONOMETRY. 

I. SOLUTION OP RIGHT-ANGLED PLANE TRIANGLES. 

L Given any two variable parts of a plane 
Hght-angled triangle ABC, to find the other 
parts? 

This problem divides itself into four dis- 
tinct cases according to the different com- 
bination of the data; thus^ 

' i. When the hypotenuse and a side are 
giren^ ^ 

II. When the two sides containing the right-angle . are 
given. 

III. When the h3rpotenuse and an angle are given. 

; ]IV. Wheii either of the sides and an an^e are giveoi s 
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COS" 


"XINSd.' T~Sougfit.' 


I. 


AC and 
AB 


■ 

A, or C, 

and BC. 


t 


AB 
BC 


A. or C, 
and AC. 


III. 


AC 
A 


AB 
BC 


1 

IV. 


AB 
A 

1 


BC 
AC 

1 



Solution. 



•r^ 



AC : AB : : R : sin. C, or cos. A 
B. : sin. A : : AC : BC. 

AB : BC : : R : tan. A, or cot. C. 
Cos. A : R : : AB : AC, or 
R : sec. A : : AB : AC 

R : COS. A : : AC : AB. 
R : sin. A : : AC : BC. 

R : tan. A : : AB : BC 
Cos. A : R : : AB : AC, or 
R : sec. A : : AB : AC. 



In the first and second cases BC and AC may be readily 
deduced from the well known property of the right-angled 
triangle, viz. that the square of the hypotenuse is equal to 
tlie sum of the squares upon the other two sides ; thus, 

; BC* = AC* — AB* = (AC+ AB) x (AC — AB), con- 
sjpquently 

BC = V{(AC+AB) x(AC — AB)}, 
and AC* = AB* + BC*, or AC = V(AB« + BC*). 



II. SOLUTION OF OBLIQUE-ANGLED PLANE TRIANGLES. 



II. Given any three variable parts of an oblique-angled plane 
triangle, except the three angles, to find the others. 

This problem includes three distinct casea^ one of whici^.il 
branched into two subordinate divisions ; thus, . . i 



I. When the three sides are given. 



; f ■ I-, ■: 



II. I. When two sides and the angle contained by.thMi 
are given. 2. When two sides and the angle subtend^ "^ 
one of them is given. 



>i Ml' 



in. When .9 side and two of tbe angles are guren^ : ' * 
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^ 




1 


1 


„... 


I. 




AB, 
BC, 

and 
AC. 


B. 


ABxBC!(iP-AB)UP + BCj!:R«!gin.>iB. 
iP(iP-AC!(iP-ABXJP-EC):!R':tan.«lB 
ABxBCr 1P(JP — AC)!!R^:ci)8.' jB. 

2AB X BC : AB" + BC - AC : : R : cos. B, 
where P = the sum of the three aides. 




1 


AB, 
BC 

and 
C. 


A. 
and 
AC. 


AB -■ BC : : sin. C i sin. A ; wliente B a found, 
and 

Sin-'C ! sin. B : ! AB : AC. 


11. 


8 


AB, 
BC, 

and 
B. 


A, 

c, 

and 
AC. 


AB + BC : AB — BC : : cot. JB : cot. (A + IB). 
Dr:cot. (C + 4B). 
j-AB:BCi!R:tnn. 6,- and 
■^U: tan. (*S= — ijiicot JBicot. (A + iB). 
"■ or : cot. (C + IB). 
Sin. A : Bin. B ! : BC : AC, or 
AC = ^(AB' + BC — !AB x BC cos. B). 


III. 




AB 
A 


BC 
and 


Sin. C : sin. A ! ! AB : BC. 


1 


1 C. ' 


Sin. C : Bin. B ! : AB : AC. 



For tbe solution of Case I. tlie first analogy is the most 
coDTeoient, if the angle sought does not njiproBch two right 
angles. The third and fourth are not well adapted for fina- 
ing very acute angles, they however answer beat when the 



swer in all cases. 

s ambiguous, for an arc and its 



second analogy v 

Tlie first part of Cas 
npplemgnt have the sar 

For the solution of the second part of Case II. the first 
Malogy is the most usual, but the double analogy is the best 
Mapted for logarithms. 

III. BOLDTION OF RIGHT-ANGLED SPHERICAL TBIANOLB& 

,|lverj spherical triangle consists of six parts ; three sidei' 
<U three angles; any three of which being giveoj the reab 
'nay be found. 

lo a right-angled spherical trianele, the right aitgle.can 
Wter be the subject or inquiry ; and therefore fherfe are only 
(be three sides and the two oblique angtea f t^kiq^x.^ Xa w>» 
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GODsideratioD, and of these the two si(1e<i, coataioing the ngfit 
ftogle, and the complements of tlie angles and of the hyp4H 
tenuse, are called tlie nvt: crRCULAR i-AR'ra, ■ 

When any one of these is taken s.% the middle fart, tha 
two immediately adjacent on the right and left are called the 
ADJACENT PARTS ; the other two, each separated fron) th^ 
middle part by an adjacent part, are called opposite parts.; 

With this arrangement of the different parts, the solution 
ID every case is obtained by the tiro following e<|uatiuus : 

1. Rad. X sin. middle part ^ the rectangle of the tangents 
of the adjacent parts. 

2. Rad. X sin. middle part ■= the rectangle of the cosines 
of the opposite parts. 

Note. In applying the»e equationa to the solution of problemi, 
ti^e that, as the middle part, which is either 'adjacent to the other 
two given parts, or is separated front them by the remaining partt 
of the triant^le, and turm the equations according aa the remaining 
parts are adjacent or oppoaile. 

A quadrantal trinnjle may be changed into a right-angled 
triangle, by calling the supplement uf the angle opposite to 
the qiiadrantal side, the hypotenusj; the other angles, tbe 
aides ; the quadranta) side, raclius ; and the other aides, angles; 
but in the solution we must substitute same for differetit 
affection in the limitation. 

IV. SOLIITION OP OBLIQUE-ANGLED SPHERICAL TRIANOLE& 

When the three sides, or the three angles are not the gireri 
parts, the solution may always be obtained by drawing a per- 
pendicular from the extremity of a given side, and opposite 
a given angle, and then computing by Napier's Rules of tli» 
circular Parts. 



CM 



The Table, page 87, contains the 
proportions for the solution of the 
sixteen cases of any right-angled 
spherical triangle ABC. \, 

The Table, pages 88 and 89, contiiins the proportions f"* 
the solutions of the twelve cases of ohliijne.angled spherini 
triangles, where ABC represents any spherical triangle i" 
which the perpendicular AD either falls within the trianjli 
or meets the base BO produced beyoud C. 
yoTE. The cases referred to are those of Tuble, page ST. 
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y. EQUIVALENT EXPRESSIONS FOR SINE A, COSINE A, A 

TANGENT A. 

1. Sine A = cos. A tan. A. 

^ COS. A 

cot. A* 

3 = V(l + cos.«A). 

A — 1 _ 1 

*••••• " V(l + cot.« Ay ^' " cosec A' 

- tan. A 

" V(l + tan.«A)* 

6 a: 2 sin. |A cos. ^A. 

^ ,1 — cos. 2A 

7. . . . . = y _ 

8 — g tan. {A 
" 1 + tan.« 4A' 

Q ^ g 

cot. ^A + tan. 4A* 

lA _ sin. (30^ + A) — sin. (30** — A) 

^" - V3 

11 =2 sin.« (45°+ iA) — 1. 

12 =1—2 sm.« (45** — ^A). 

,g _ 1— tan. « (45*' ^4 A) 
"■ l+tan.«(45» — 4A)" 

14 __ tan. (45° + j A ) — tan. (45' — jA) 
" tan. (45° + 4 A) + tan. (45° — 4 A)* 

15 = sin. (60° + A) — sin. (60° — A). 



M /^ ^^ . m Sin. J\. 

lo. Cosine A = r r. 

tan. A 

17 = sin. A cot. A. 
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18. Cosine A = ^(1 — sin.* A). 

_ 1 _ 1 

^^ " V(l + tan.«A)' ^^ ^ secTA* 

cot A 

^^ " /s/(l + cot.*A) 

£1 = COS.* ^A — sin.* ^A. 

22 = 1 — 2 sin.* ^A. 

23 = 2 COS.* ^A — 1. 

24 = yi±^. 

— 1-^tan.J' 4A 
"~ 1 + tan.2 JA' 

Q/j cot 4 A — tan. ^ A 

" ^otriATtenTi A 

27 , = 1 . 

1 + tan* A tan. JA 

28 ^ 

^ "tan. (45 + 4A) + cot (45« + JA)* 

29 = 2 COS. (45° + iA) COS. (45° c/) ^A). 

30 = COS. (60°+A)+cos. (eo^'c/) A). 

3l. Tangent A = — '—t' 
® cos. A 

32 = — L-. 

cot. A 

'^ = */(j5rA-»)- 

• . sin. A 

"" V(l— sJn.«A)" 

35. , = (VI — COS. 'A) 
COS. A 
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36. TangeW A = j^^^^- 

.« 2 cot. 4A 

cot. 4 A — tan. 4A 

39 = cot. A — 2 cot. 2A. 

.^ 1 — COS. 2A 

40 = -. — ^-T — • 

sin. 2A 

., sin. ?A 

4>1. •■••«.. """ r^ 

1 + COS. HA 



yl — COS. 2 
1 + COS. 51 



/I — COS. 2A 

*2 = /-— Ta- 



. - tan. (45° + J A) — tan. (45* — JA) 
^ = 2 



VI. ANALYTICAL FORMULA FOR SOLVING THE VARIOUS ( 
OF A RECTILINEAL TRIANGLE ABC, OF WHICH THREE P 
ARE GIVEN. 



- A T» BC sin. C 
1. AB = 



dZ» m • a^— 



O. . • I 



9. • • ^-^ 



sin. A 

AC sin . C 
sin. B 

BC 



COS. B + sin. B cot. C 
AC 



COS. A + sin. A cot C 

5. . . = BC COS. B-f BC sin. B cot. A. 

6. . . = AC cos. Aff-^AC sin. A cot. B. 

7. . . = Vf(^Qg^>|C«~2BCxACcos. C), 
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^ 



8. AB = BC COS. B zt V(AC« — BC« 8in.«B). 

9. . . = AC COS. A ± V(BC« — AC« 8in.«A). 



10. AC = 



11. . . = 



ABsin. B 
sin. C 

BC sin. B 



12. . 

13. . 

U. . 

15. . 

16. . 

17. . 

18. . 



sin. A 



AB 



COS. A + sin. A' cot. B 

BC 

"^ cos. C + sin. C cot, B* 



AB COS. A+ AB sin. A cot. C. 
BC COS. C+BC sin. C cot. A. 
V(BC«+AB« — 2BCx AB cos. B), 
AB cos. A ± V(BC« — AB2 sin.« A). 
BC cos. C zt V(AB« — BC« sin.«C). 



19. BC = 

20. . . = 

«1. . 

?3, . 
t5. • 



AC sin. A 
sin. B 

AB sin. A 



sin. C 



AC 



cos. C + sin. C cot. A 
AB 



COS. B + sin. B cot. A 

AC cos. C+ AC sin. C cot B. 

AB COS. B+ AB sin. B cot. C. 

V(AB« + AC« — SAB X AC cos. A> 
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26. BC = AC COS. C zt V(AB« — AC« 8in.« C), 

27. . . = AB COS. B zt V(AC« — AB« sin.* B). 



28. Sine A = 



29. . . . = 



SO. . . 

31. . . 

OO* • • 

36. . • 



BC s in. C 
~AB 

BC sin. B 
~AC 



= sin. (B + C). 

= sin. B COS. C -|- cos. B sin. C. 



BC sin. C 



V{BC« + AC^ — 2BC X AC cob. C)' 

BC sin B 

V(BC« + AB=» — 2BC X AB cos. B)' 

,.- /AB« + AC* —BC«\«) 
^^^~V 2ABXAC ) /' 

sin. C{ AC COS. C ± V(AB« — AC« sin.* C)} 

AB 

sin. B{AB cos. B ± V(AC« — AB« 8in.«B)} 

AC 



.^ r. . A _L. V(AB» — BC« sin.«C) 
37. Cosine A = ^ -^ -• 

-h V(AC« — BC« sin.«B 
^« ==^ AC 

39 = — COS. (B + C). 

40 = sin B sin. C — cos. B cos. C. 

AC — BC COS. C 

*^ — V(BC« + AC» — 2BC X ACcos. €)' 



42. Cosine A =: 



AN EPITOMB OF TRIGONOMETRY. 95 

AB — BC COS. B 



43. 



V(BC2 + AB« — 2BC X AB cos. B)' 

AB« + AC— BC« 
2AB X AC 



. . AC 8in.«C IZ COS. C V(AB« — AC 8in.«C) 

AB 

_ AB sin.«B =h cos. B V(AC« — AB' 8in.«B) 
*^ — AC 



46. TangentA= ^^^^^ -BC^^S:^)' 



47 



BC sin. B 



* ' ' ' ~ ± V(AC« — BC« 8in.«B) 

48 = — tan. (B + C). 

tan. B + tan. C 






50. 
51. 

52. 



tan. B tan. C — 1 

_ BC sin^_C 

AC - BC COS. C 

BC sin. B 
AB — BC COS. B* 



53. ... . 
54 



_ /ff gAB xAC y_ 

"-"-^V OAB2 + AC«— BC«/ i> 

_ AC COS. C ± V(AB« — AC« sin.«C) 
" AC sin. C qi cot. C V(AB« — AC* sin'C) 

— AB cos. B ± V(ACa ^ AB« sin.«B) 
"■ AB sin. B qi coti B V(AC» — AB« sin.«B)* 



.. Q. ^ AC si n. A 
5o. Sine B = — gg — • 

AC sin, C 



' 56 



• • • -" AB 
57 =; sin. X A + C), 
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^ ■. ■ • .•' ' ' 

58. Sine B = sin. A cos. C -f- cos. A sin. C. 

^9' ' ' ' ' — V(AB« + AC« — 2AB X AC cos. A)' 

fift — AC si n. C 

"" "■ V(BC« + AC2 — 2BC X AC cos. C) 

61 . = V{1-^ SBC X AB ; }• 

fy, sin. AfAB cos. A + V(BC« — AB» 8in.>A)} 
^^ = BC . 

g- _ gin. C{BC C08. C ± V(AB' — BC« gin.'C)} 



64. Cosine B = ±V(BCl_ACl»5^, 

f.. _ ±V'(AB'— AC* ri n-'C) 

°* - "^ AB 

66. = — cos.(A + C). 

67 = sin. A sin. G — cos. A cos. C. 

» 

g« AB — AC C OS. A 

■" V(AB« + AC» — 2AB X AC cos. A)* 

yjQ _ BC -- AC COS. C 

^* ~" V(BC« + AC» — 2BC X AC cos. C) 

7n — BC« + AB«— AC 

7U • . . . . — 2BCxAB. • 

,y, _ AB sin.«A qi cos. C V ( BC« — AB« riiL^A) 
^a BC sin-' C + cos. CV (AB« — BC" sin-'C) 

"^ = aB — • 



73. Tangent B == — ^-— _^~— _y 
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^M m A n -A-C sin. C 

74. Tangent B = h-^(ab« - AC» 8in.«C/ 

75 z= — tan. (A + C). 

rrfi — tan. A + tan. C 

"^ "" tan. A tan. C — 1* 

AC sin. A 

"' ~AB — ACcos-A' 

_ AC sin. C 
'° "~ BC — AC COS. C' 

70. . -.+ /f( gBC X AB y_ , 

'^ — — V (.\BC« + AB«— ACV ^^ 

80 — AB COS. A ± V(BC« — AB« 8in.«A) 
■" ABsin. Aqicot AV(BC«— AB« 8in.»A)* 

gl — BC COS. ± V(AB^ — BC« 8in.«C) 
"BCsin-Cqicot CV(AB» — BC«8in.«cy 



82. 


SineC 


^2 


AB sin. B 
AC • 






83. 


• • • 


= 


AB sin. A 
BC 






84. 


• • • 


=: 


sin. (A + B). 






85. 


• • • 


= 


sin. A COS. B + cos. A sin. 

• 


B. 




86 


• 
• • • 


s= 


ABsin. B 






«HI« 


V{BC« + AB« — 2BC X AB 


COS. B)' 




•*l 


• • • 


— 


AB sin- A 






V(AB« + AC« — 2AB X AC 


COS. A) 




,u. 


* • • 


n: 


,r, /'BC»^-AC•— AB«\3\ 

^^^ — V 2BCXAC; ) r 




^ 






sin. BiB COS. BC 4- V(AC» - 


- BC* TO! 


.*^^\ 



AC 
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^ ^. ^ 8m.A{ACco8.A±V(BC«— AC*8in.«A)} 
90. csiue u = gg 



91. Cosine C = ± V(AC' - AB» rin..B) 

___ ± V(BC« -- AB« sin.«A) 
^^ — BC 

93 = — COS. (A + B). 

94 ^ sin. A sin. B — cos. A cos. B. 

^ BC>~ ABcoa. B 

^^ "~ V(BC« + AB« — fBC X AB cos. B)* 

^ AC — AB COS. A 

^ "~ V(AB« + AC^ — 2AB X AC cos. A) 

— BC« + AC« — AB« 
^ ' — 2BC X AC 

___ BC 8in.« B qi cos. B V(AC« —• BC« sin.^: 
^^ AC 

— AC sin.' A =p COS. A VCBC« — AC sin.'i 
yy — BC 



1 nn T- i. n AB sin. B 

100. Tangent C = -^ ^^aC^ _ AB> sin.-^B) ' 

AB sin. A 
^^^ " ±V(BC«— AB«8in.«A) 

102 = — tan. (A + B). 

_ _ ^ tan. A + tan. B 

tan. A tan. B — 1 



^ AB sin. B 
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99 



105. TaDgent C = AC^iS'ct x 



106. 



_-H /U gBCxAC y 



107 = 



BC coa. B ± V(AC» — BC« s in.«B) 
BC sin. B + cot. B V(AC»— BC» sin.'^B)* 



108. 



_ > AC COS. A ± V(BC« — AC« 8tn.«A) 



AC sin. A -p cot A V(BC« — AC' sin.^ A) 



VII. ANALYTICAL FORMULJE FOR SOLVING THE DIFFERENT 
CASES OF A SPHERICAL TRIANGLE ABC. 



1. Sin. A = 



2. Sin. A = 



l\ 3. Sin. B = 



4. Sin. B = 



5. Sin. C = 



6. Sin. C =: 



sin. BC sin. 


C 


sin. AB 




sin. BC an. 


B 


sin. AC 




sin. AC sin. 


A 


sin. BC 




sin. AC sin. 


C 


sia. AB 




sin. AB sin. 


B 


sin. AC 


^ " • 


sin. AB sin. 


A 



sin. BC 



COS. BC — COS. AB COS. AC 
sin. AB sin. AC 



7. Cos. A = 

8. Cos. A = 

9. Cos. B = 
^^- Cos. B = COS. AC sin. A sin. C — coa. A. coa. ^« 



COS. BC sin. B sin. C — cos. B cos. C. 

cos. AG — COS. Be COS. AB 
sin. BG sin. AB 



- ' ■ ■ ••- 
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-- 1^ ^ cog. AB — C08. BC cog. AC 

^^''?^. 7)' "" 8ln. J^ sin. AC — • 

] 2. Cos. C = COS. AB am. A sin. B — • cos. A cos. '. 

sin. B 



13. Tan. A = -r 



14. Tan. A = -: 



sin. AB cot BC — cos. AB cos. B' 
sin. C 



15. Tan. B = 



16. Tan. B = 



sin. AC cot BC «- cos. AC cos. C* 

sin. C 

sin. BC cot AC •— cos. BC cos. C' 

sin. A 

sin. AB cot AC -— cos. AB cos. A' 



17. Tan. C = gin. ac cot AB — cos. AC cos. A' 

— . ^ fidn. B 

18. Tan. C = 



sin. BC cot AB — cos. BC cos. B 



«^ o* Tki^ sin. AB sin. A 

19. Sin. BC = 3^;^ . 

^/x o. -Di-i Mn. AC sin. A 

20. Sm. BC = — -^^r^ 

sm. Jb 

sin. BC sin. B 
sin. A 



21. Sin. AC = 



^« o- A Ti Sin. AC sin. C. 

23. Sm. AB = ^—^ . 

1* ■'■; ■'_■ ...:■■ \V\ .. ■ 

rsM c^* AT» sin. BC sin. C 

24. Sin. AB = .„ n •■ ; / . 

sm. A - - 



c< 



^, t-> Tjr. COS. A.4-C0S.BC08.C 
25. Cos. BC = rigtfilfc'- ■ ' \ 

26. Cos. BC = COS. A sin, AB sm, AC + cos. AB o 
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^^ ni Ar^ '(ffas.ii +Ct)8. ACOS-'C - ''^' ''•' ''^■ 

27. Cos. AC == : T—: 7s • 

Sin. A sm. C 
28. Cos. AC = COS. B sin. BC sin. AB + cos. BC cos. AB. 

an. A^ A r» COS* C + COS. A COS. B 

29. Cos. AB = : T— ; = 

sin. A sin. B 

30. Cos. AB =r cos. C sin. BC sin. AC + cos. BC cos. AC. 

sin. AB 



31. Tan. BC = -7 



32. Tan. BC = -: 



sin. B cot. A + cos. B cos. AB 
sin. AC 



33. Tan. AC rr 



sin. C cot A + COS. C cos. AC 

sin. BC 

sin. C cot B + COS. C cos. BC* 

34. Tan. AC =; ^J^ 

sin. A cot B + cos. A cos. AB 

35. Tan. AB = -r ^ ^^ 



36. Tan. AB = -7 



sin. A cot C + COS. A cos. AC* 
sin. BC 



sin. B cot C + COS. B cos. BC 






i 



Tin. FOBMULJB RELATIVE TO TWO ARCS OR ANOLB& 

1. Sin. (A+B) = sin. A cos. B+cos. A sin. B. 

2. Sin. (A — B) = sin. A cos. B — cos. A sin. B. 

3. Cos. (A+B) = COS. A cos. B — sin. A sin. B. 

^ Cos. (A ^ B) = COS. A COS. B+sin. A sin. B. 

K n^ / A I -n\ tan. A + tan. B 

5. Tan. (A+ B) = = r t-t — ^-^ 

^ * -^ 1 — tan. A tan. B 

& Tan. (A — B) = ^\^ -/f"- !■ 

^ ' 1 + tan. A tan. B 
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7. 
8. 

9- 

10. 

11. 

12. 
13. 
14. 
15. 
10. 

17. 

18. 

19. 
20. 

. 21. 
22. 



Sin. (A + B) _ tan. A + tan. B _ cot. B -I- cot A 
Sin. (A — B) tan. A — tan. B cot. B — col. A 

Cos. ( A + B) _ cot B -^ ttn. A _ cot A -^ tan. B 
Cos. (A CO B) cot B + tan. A cot. A + tan. B" 

Sin. A + sin. B _ tan. 4(A + B) 
Sin. A — sin. B tan. 4(A — B)' 

Cos. B + COS. A _ co t i(A + B) 
Cos. B — COS. A ~ tan. 4(A — B/ 

Sin. A COS. B z= i sin. (A+B)+ J sin. (A — B). 

Cos. A sin. B = I sin. (A+B) — ^ sin. (A — R). 

Sin. A sin. B = ^ cos. (A O) B) — ^ cos. (A+ B). 

Cos. A cos. B = ^ COS. (A + B) + ^ cos. (A c/o B). 

Sin. A + sin. B = 2 sin. ^(A + B) cos. |(A c/5 B). 

Cos. A+cos. B = 2 cos. ^(A + B) cos. J(A a>*B). - 

.-.I 

Taii.A+tan.P = ^5l^Lt^. 

COS. A COS. B 



n * A I * D Sin. (A + B) 
Cot A + cot. B = -: — -7—. — ^• 
' sm. A sin. B 



c 

» 
t- 

1 

(• 

* •' : ;^" 

V 



Sin. A — sin. B = 2 sin. ^(A — B) cos. i(A + BJ. J 
Cos. B — cos. A = 2 sin. J(A — B) sin. 




Tan. A - tan. B = "°- ( ^ - B) 

cos. A COS. B 

Cot. B - cot. A = l" ^tZ ^ -- 

sin* A sm. B 



'8 
01 

.•r.iMi.i ^ 
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T. JToVI 



TABLE, 

ffHE LOGARITHMS OF NUMBERS 
FROM 1 TO 10,000. 



Numbers from 1 to 100 and thdr LogBrithm; 



k 


1^. 




Leg. 


N. 


Iffi. 
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V. 
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33 
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3n 
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75 
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»5 
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i« 
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B80614 
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1.330449 


37 


.560202 


57 
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1.301030 


40 
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00 
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80 1 
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D the folloHing part of the Table tbe Inilicra Ue omiUed, m | 
jay easily mpplied by the directtam given in the SedioD o 
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■UH71M7 
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HYPEnBOLIC LOGARITHMS or NUMBEES, ' 



0'e»»1471fl 
r3u82g4a« 

l-tH»4J7ltl 
l-7Ul7<ril47 

1-IMaUlUIS 
2-U7II44154 

2-dU2.>lieUU 
g-39i8ai27 



S7UH()AUn 

277:i5i)tt7a 
2-l«)SlSJ4 

2-liflU3/17« 
S'U144»I1H9 

B-iffl57a2a7 

3-1TIIU3SIB 
3-2I1UI7KQ 
S-^.18lltW51 
a-i»,>ii;tiiU7 
3-»t33[MAl 
a-3«7^1MKI 
S-JtUIU73S 
3-433lllim 

3-4<MMI7:S 
3:v2nm.ori2 



a'easwBoii 
3-a)i!ifiiiiy4 
3-eioui7Hl 

a-(i37BB<H8 

3-<lll)l)17U4a 
3713S7:;f»7 

S7-*'«l9rt3 

3784l)W:t 
3-BIWW)34» 
3-II2)IK4140 
3-a.:0H7K0 
H-ll71:sUIUl 

S-SlaiB30l 

tI-iKllHSSK3 
S-ilrtl2437a 
3'!I7I>-3H1D1 
3'ynillNI4ll6 
4'0U73.i;ilil 

4-a4itUAl?7 

4-IHill4«iUI 

4-U77a374i 

4-UUJS44M 
4-lieU73BB 
4-1371-M-1U 
4- 14313473 

4-\UW»aiM , 
4-V74W21 
4-V««6S414 
4-2iHW,aft^ 



4'219.'i0771 
4'J»4l0«S0 
4-24841)634 



4-aD40»0B 
4-3174»iIl 
4-330733;M 



4'.19444ilIB 
4-4Un71020 
4'j1II»j061 
4'43(HlltieO 
4-442ti9l26 
4-43434730 
4-4KStMWia 
4'47733Stll 
4-4SKH3B37 
4-49»nO»A7 
4-alOIUi!h11 
4-S.>I78)lfi8 
4-flmillM9 
4-S4B2a478 

4'Bn434Hl> 
V&7471l)«l 

\ v!^*^\v»^t 
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TABLES op THE AREAS OF ODI.ONQ AND OBLATE 6rnEnoiDB.|| 
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T»BIE FOB FIND 


NR i-BE Areas of 


OeLONQ SPUEM.M 






bOtx. 


MolltpUots. 


Indr-t 


MultipUm. 


Index. 


Mullltillitn. Indei. 




1)400(1 


a^ioifflos 


.20000 


2-«^33fiBI0 


-52000 


2-HI20y3rt 


■76000 


2-7374016 






3-0922107 


■29 


a-017Hn3fl 


-63 


3-0083827 


■77 


2-7348405 






•oe 


3-08M)0M1 


-30 


S^9I33146 


■54 


3-8047324 


■78 


27323182 






■U7 


3-07M0fi4 


-31 


2^90I1S404 


-66 


3-fllH1414 


70 


2-7290276 






ns 


3'0fl6a0!)l 


■3H 


3-W)14«05 


-.58 


3^7!t7li084 


■80 


27873746 






■09 


3-0fifllil)li9 


•33 


2^U9lil9lin 


■57 


3-7041310 


■81 


2-7249563 






■ 


3'a4lll93<> 


■34 


3-BO 10224 


-50 


2-?H)7in 


-H3 


2-7226718 








3^03!KIH42 




2-005it4-J7 


-60 


2^7H73443 


■83 


2-7202207 






■3 


3-0310128 


-30 


aoimos.'iii 


-fiO 


2^7I140:)0« 


■84 


27179036 






■3 


3-02J03^4 


-37 


2-87«lfiil3 


■61 


2-7IHI76H0 


-85 


27156163 






■ i 


8-0IH3B3; 


■38 


3-e7l2500 


■03 


3-77756fU 


-86 


3- 133810 








3-OOB77fil 


■30 


2^iU<053BO 


■03 


27743077 


■87 


37111381 






■ tt 


3-00I3867 




l-8811fflS5 


-04 


2-77laB54 


-80 


2708U148 






■7 


2'(tfMlSI8 


-41 


a^8S73324 


-OS 


3-7«it2-2iO 


■80 


3- 067813 






-18 


S!IB70«S6 


■43 


2^e623S64 


■06 


2-7652030 


■no 


27046473 






■IB 


3-8801263 


■43 


2-M3456K 


■07 


2^7(i22314 


-91 


2-7026417 






■30 


3-873321(0 


■44 


21144 Kiia 


-fit) 


3^7303041l 


-02 


3-7004843 






■31 


a-smims 


-4S 


3-83!K)llS9 


■09 


2-7504221 


■93 


2-0984149 






■22 


2-lH!0l3«3 


■40 


2U3.-.7llt3 


■70 


2-7536024 


■04 


2-6!f63U28 






■33 


3-1(537383 


■47 


2-H3I0OHO 


■71 


2-7,W7e6(» 




2-6943971 






■3* 


2-1I47407I 


■40 


2-0376710 


■ 2 


27480280 


■BO 


3-8924270 






-8S 


3'fl4131tMI 


-40 


2-823603H 


- 3 


3-7453131 


■97 


2-69U4842 






■90 


3-035-290;i 


-50 


2-Kiy702H 


■ 4 


37420371 


-90 


2-6886661 






■n 


a-83»378U 


-51 


2-ltl5II0H6 


■70 


27309996 -00 
1-00 
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„.™A^o. 


Oblate Spiikhoibs 




ludei. 


Multiplier. 


IndEi. 


Uultiplien. 


ijid«. 




Mumpuw.. 


114000 


3-iu:ujiov 


■aitwio 


3-44114748 


■520U0 


3-7326074 


■76000 


4-028!l3(-a. 




■US 


3-l!M1603 




3-4tki;i.'.40 


■63 


3-7446139 


C7 


4-0416326 






-US 


S-aOAlSWH 


■30 


;t-47^.'4Hai 


-64 


3-7687431 


70 


4-0641477 






-or 


a-aiouu'^ti 


•31 


3-41l3M!«l7 


■55 




■79 


4 -08678)0 






txl 


3-22fi6634 




3-4H55li02 


■50 


3-7810008 


-80 


4-07n433U 






ua 


3-2374743 


■33 


3-6071610 


-67 


3-7O3-2O03 


■81 


4'002 101)3 






-10 


3-24f[3207 


■34 


3-5187S49 


■58 


3'tl0.i4K46 


■82 


4-1047864 








3-2582043 


■3.i 


3-53043(11 


■69 


3-0177210 


-83 


4)174096 






■13 


3-2701240 




3.'>42ll45 


■m 


3-l3,i1!0l{3 




4-1303009 






■13 


3-2lilOUI<l 


■37 


3'6e31IS13 




3-0422095 


■06 


41429471 






■14 


3-20-^0730 


■;hj 


3-6036547 


-62 


3-8615736 


■B8 


4-1667013 






■IS 


3-3O31OO0 


-30 


3-5773163 


-63 


3-080Bm 


■87 


4-1684719 








3-314162*; 


-40 


3-6801(117 


■64 


3-8702449 


■88 


4-1812690 








S-325260O 


■41 


3-0000147 


-66 


3-HeiH108 


■80 


4-194U627 








3-33fl3liaU 


■43 


S-6l27a36 


■08 


3^003!HI70 


■90 


4-2068836 






■Ifl 


3-3474580 


-43 


3-6246177 


■67 


3-91B40!lfl 


■91 


4-2197182 






■M 


3-3587503 


■44 


3-6365079 


■OS 


3-93811301 


-93 


4-2326702 






■31. 


3-3601*003 


■4S 


3'64S42-J3 


■89 


3-S4U>763 


■03 


4-3454378 






■23 


3 '3012420 


-40 


B-88C3619 


■70 


3-BS374I0 


■94 


4-2683209 






■23 


3-802531(7 


-47 


36733361 


■71 


3-08!l-226B 


■95 


4-371 2198 




1 


■34 


3-403imi!l 


-40 


3-01143150 


■72 


3-0787310 


■SB 


4-3841350 








3-41*2 la4 


-40 


3-(liffi3273 


■78 


3-9012639 


-97 


-4-3970831 








.3-42ti60;i 
3-4380-^1 


■60 


3-J0H.1H38 


■74 


4-0037957 


■98 


4-3100078 




k. 


u? 


-51 


3-7204339 


-76 


4-0\fi3&6*,\ ■Sft 
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"^ "A TABLE ] 


■BOWrHO TB8 CDBIC CONTENT OP Til 
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BQUAHE YABB 


OF JOIHTINO, OR OTHKR 8CANTL1NG8 


OF VARIOUS HIZR8 ; ANU 


' FHOM TWBNTV-FOtJH INCBKS TO THIKTKKN INCHKH FROlf 


, Cli:NTRK TO CKNTRIC, UPON TlIK BUPPUmTION TUAT AN UXTBl 




JOIST IB HlitJUlKKI) AT KVEKlf KIOaiEKN FKKT SPACE. 






ti 


^1 


CuLAiTtatar 


iJ 


CoUcTlmbn 
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Ji 


Cubic -nmhct 
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(Sibk 






Ij 


In-S^ 


"1 
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s- 


-a™ 








"cr 
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23 
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It. U. PU. K 
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1 3 7 u 




13 3 6 




1 11 lu 




i! B 3 






21 


1 4 3 U 
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1 2 10 tl 


1 


31 


1 1 t> 3 
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1 It 8 4 








1 5 B 4 


1 4 ^ U 
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.5 


113 3 
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1 6 H 7 
1 7 fi ti 
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1 fi ti 1 
1 6 lU U 
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10 


1 3 S Ii 
14 3 


i 


1 1 10 11 
1 2 7 II 
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1 


1 B lU 2 
1 7 11 a 


1 


I 


S I 7 


I 


13 4? 

14 3 1 
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1 11 1 2 

2 U 7 B 
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1 10 7 1 
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1 fi 3 11 

16 5 9 
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1 10 3 




1 7 10 
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i 


22 ; It ID M U 


t 


ti a 3 7 


1 




8 14 


J 


II ti 9 i 
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V SPECIFIC (1 RAT IT IBS. 





SOLID*. j 




Plalina, fromlliOOOto 


3OO0 Chalk. British. . 


27B4 




Hninca of George iri. 


936-2 


Emerald of Peru, 


. 2775 




7829 




2710 




Tungstoii, 


TSUO 


Glass, white,' . 


. 2892 




Mercury at S2' Fatr, 


.■W9B 


....boltk, . . 


. 2733 




L«ad,oii«, . . . 


i3.'i2 




3842 




P»lladiuni, . . . 


1800 


Peari,^Sal, 


. 26S4 




Rodiiun. 
PuresilTer, 


1000 
07U 


Coral, , 7 






Slate, . . . 


. 2670 




ShiliiaaofGeorgcUI. 
Bismutb, molten, 


U534 


Granite, Comiah, 


. 2662 




.oa-a 


Aberdeen, 


3fi'J5 




Coppor or Japan, 


!»00 


Rock crystal, . 


. 2653 






BB7B 


Quarts, . . 


2640 




red, molten. 


0788 


Pebble, Engliah, 


. 2819 




Cadmiam, . 


8B9+ 


FelepaJ, . . . 


. 2se* 




Molybdena, . 


8811 


Stone, common, . 


3SO0 




BT»!iE,wirc-dra^, 


e5« 


Porwikin, China, 


. 2385 




.... Common, cast, 


782J 


Limo^. 


2341 




Areonic, 


smi 


Obeidian, . . . 


. Q34B 




Nickel, molten. 


B-2J9 


g-T . ■ . ■ . 






...forecd. 


HS66 


. 2160 




Dranium, . 


7»85 


Sulphur, native. 


. 2114 
. 2033 




Cobalt, molten. 


7833 


Brick, . . . 


. 2000 




7813 


Ivorv 


1917 




Bariron, . . 


T78B 


Nitre, . 


. 1900 




Out Iron, Cmron, 


734B 


Alabaster, . . 


1674 




Wootz, bammereiJ. 


77B7 


GuupDwdor, solid. 


. 174.^ 




Pewter 


7471 


Alum, 


. 1714 




Tin, hardened, . 


7299 


PhoiphorUB, 


. 1/14 




. . . pure Corniflli, 


7291 




1660 




Zino, molten, from 6800 to 
Wnlfrim, 


7191 


B^no,dry,^ '. ". 


. 1500 




7119 


GiUQ Arabic, 


1452 




Manganese, 


6900 


Opium, . . 
Ebony, American, 


. 1337 




Antimony, 


6702 


1331 




TeUarinm , 


6115 


Lignumyitec, . 


, 1327 




Chtamiom, 


5900 


cai, . . . . 


. 1250 




Mean of the globe, Ebput 


5210 


Pitch, . 


11,50 








Ko«in' . . . 


. 1100 




Spor.hea^, . . . 
jMgon of Ceylon, 


4430 


Amber, 


1078 




«l(i 


BpaaFwood,red, 


. IOCS 




BuSy.oriontuI, . 


428.1 


1031 




Qarnel, preciuns. 


4230 


Boxwood, 


. 1030 






3.576 


Sodium, ... 


. 972 




Topai, from 3,53S to 


40I>I 


Oak, heart of. 


950 




Sapphire, oHeutal, 
Diamond, fcum aV2:i to 


3i'94 
:i5.)() 


ButWr, . . 






Ice. . . . 






Beryl, oriental, . 
EnKliBh flint gianf. 


awn < tiiiiipowdar, shafcen, 
:iS29 Pumica-Btoiie, . 


'. 9-22 






3155 Logwood, 

WW 1 Li^iB men. . . 


. ' 913 




Hornblende, 


. 891 




Asbestua, . 


2998 , >ota«sium. 


865 






29.W BBMh, . . . 


. 853 




Basalt. ' . 


2860 'Aah, . . 


84,5 




Marble, Parian, 


SJt37 ■ Apple-tree, 


. 793 




green Campanian, 


^■742 Maple, . . . 


. 755 


/ Egyi>tUn. 


2B6H . Citron, , . . 


726 



GR A VITIEft— CONTIMDED . 



SOLIDS. 1 


Orango tree. 

Walnut, . . - 


705 
. 681 


gS^A^^rican, ". * 


m 

. 661 


Pear tree, 


eei 


Fir, male, . . 


5.50 


HttMll, .... 


. 609 


..[female, . . . 


49S 


Linden tioe, . . . 


S<)4 


Poplar, . . . 


. 383 


Elm, ... . 


. 600 


Cork, .... 


240 


1 


Sulphnric Bcid, . . 


1I14B WineofBofdeani, 


994 


Boracic acid, . . 


. 1830 WineofBurgmidy, ■ 


991 


Nitric acid or Aqnafortis, 


1500 


.... red port. 


990 


MitTona acid, . . 


1452 


Caator-oil, 


. 970 


Honej, .... 


1450 




940 


WitetofthoDoadSea, 


1240 


Proof-spirit, 


i)30 


Aqna regis. 


1334 


Whale-oil, 


. 923 




, 256 


MoBoUo wine. 


916 


Strong ale, ftom 1020 


to 050 


Olive-oil, . . . 


SU 


Hunmn blood, . 


045 


Mnriatio ether, . . 


»74 


Millt, . '. . . 


050 


Oil of turpentine. 


870 


Sea water, 




Brandy, . . 


. 837 


Tar 


1015 


Alcohol, abBolnte, . . 


796 


Distilled water, 


looo 


Snlphnric ether, 


720 


White Champagne, 


897 


Air at earth's surface, 


l;J^ 


-| 


Atmofipherio air, . 


I'OOO 


Muriatie acid, . . 


1-280 


Hydriodio aoid, . 
Frnmtilicio acid. 


4-300 


Oxygen, . 


1-111 


3'6I1 


Nitrous, . . . 


1-043 


ChloriEB, 


2-444 


Olefiant, . . . 


0-983 




2-229 


Nitrogen, . . . 


0-972 


Cyanogen, . 


l'B05 




0-690 


CarbcMiic Mid, 


r6-34 1 Hydrogen, . . 


0'069 


TiBLE or THE WslOBT IN 


Pounds necebs«bt to cansH Cdbes 


fOnbI 


AND ^ HiLP Inch rs th 




cokdikgtoMbRennie 


iND Othbrs. 




Aberdaea granite, blue, 


2*536 


Craigleith stone across the 




While-veined Italian marble, 2 173B 


strata. 


12346 


Fm-beak Hmcstoae, . . 


212M 


Dondee sandstone, . 


14919 


20610 


Comiah granite, . 


14302 


Limeriok limeatonB, Waek, 


1992* 


While statuary marble, 


13632 


Petachoad granite. 


ie636 


Fine brick, . . . 


3864 


Compact limestone, . 
Yorfchire paWBg-stonB, 


17354 


Yellow baked briok, . 


22H 


16836 


Redbrick, . 


817 


Craigleith stone with the 




Pale red brink, . . 


366 


strata. 


15560 


Chalk 


127 



1 



80 



Taslr showing the Weight in Pounds that will pull asunder a 


Prism One Inch square op the following Materlus, according 


to the Experiments of M. Muschenbroek. 


Cast gold, . . 22000 


Snc, .... 2600 


CastsUyer, . . . 41000 


Bismuth, .... 2900 


Anglesea copper, . 34000 


Good brass, . . . 51000 


Swedish copper, . . 37000 


Ivory, .... 16270 


Cast-iron^ . 50500 


Horn, '• . . . . 8750 
Whalebone, . . . 7500 


Bar-iron, ordinary, . 68000 


Ditto, best Swedish, . 84000 


Compositions, 


Bar-steel, soft, . . 120000 


Gold 5, copper 1, . . 50000 
Silyer 5, copper 1, . . 48500 


Ditto, raKor-temper, . 150000 
Cast-tin, Eng. block, . 5200 


Swedish copper 6, tin 1, 64000 
Block-tin 3, lead 1, . 10200 


Ditto, grain, . 6500 


Cast-lead, ... 860 


Tin 4, lead 1, zinc 1, . 13000 


Regains of Antimony, 1000 


Lead 8, zinc 1, . . . 4500 


According to the Experiments of Mr Bjbnnie. | 




Weight in lbs. 


Length in feet 




that would tear 


that would break 




asunder a prion 


with its own 




one inch square. 


weight. 


Cast- steel, 


134256 


39455 


Swedish iron, 


72064 


19740 


English iron, .... 


55872 


16938 


Cast-iron, 


19096 


6110 


Cast-copper, .... 
Yellow Drass, .... 


19072 


5092 


17958 


5180 


Cast-tin, 


4736 


1496 


Cast-lead, . . . . . 


1824 


384 


Grood hemp rope, .... 
Ditto, 1 inch aiameter. 


6400 


18790 


5026 


18790 



Table of the Cohesive Force of a Square Inch of Iron of 

different kinds. 



Iron wire, . 113077 
Ditto, . . 93964 

Swedish iron, 78850 
Ditto, . . 72064 
Ditto, . 54960 
Ditto, . . 53244 



German iron, 


69133 


English iron, 
Ditto, . 


66000 


55000 


Ditto, 


61600 


Ditto^ . 
Welsh iron. 


55772 


64960 



Welsh iron> . 55776 

French iron, 61041 

Russian iron, 59472 

Cast-iron, . . 18295 

Ditto, . 19488 

Welsh ditto, 16255 



Table of the Lateral Strength of the following Materials, the 
Bar being One Foot long and One Inch square 



z 



Cast-iron, 

Oak, . . . . 
Memel fir, 
America,!! white pine, 



Weight that will 
break them. 



3270 lbs. 
627 
390 
206 



Weight which 
they can bear witt 
safety. 



1090 lbs. 
209 
130 
69 



Table oi- Polygons. 


»„.,. 


No □! ' Anulo 


■ssF'" 




UuIUpUsn. 


rfdei. 


centre. 




Eqnilateral triangle, 
Siuace, .... 
Penlafion, . . . 
Hexagon, . . . 
Heptagon. . . - 
Oetagon, . . . 


i 

B 
7 
S 
9 
10 

12 


I'JU" 

ao 

51) 

40 
36 
32A 
30 


30° 
45 

fiO 

72 


USdOflCIOI) 
O'BHBISIU 

0'>i6Bu':a4 
1 -2071068 

l:fSi 

1702I143U 
l-»i«fi3M 


0-4330127 
1-OOUOOOO 

17304774 
2-S0B0763 
3-6339124 
4-B284272 
6-1)110342 
7-S94-30Ba 
9-36JB411 
ll'19mS24 



Table of the Surfacbs and S 


oLmm^ OF Rkg 


LAK Bodies. 


No,aflBoei. 


Name. 


eurnin Hhen tha 


^"'^KT""' 


li 

1-2 
20 


Totraedron, . . . 
Hexacdron, .... 
Octaedron, . . . 
Doduuaedron, . . . 


1-7320800 
S-OOIMWOO 
3-4U41018 
20-6457708 
8-H002540 


1 170.511 
I'OftODUOO 
0-4714045 
7-6631 IBS 
2-lU18!IS0 



Table OF THE Flexi 


,„„ 


AND S-rRr_voTa or Tuibeb. 






Nnine of tbe Und of Wood. 


Jn^ly 


Vf'li" 


VilueofE. 


Talus 


^^K 




Teak, .... 


745 


818 


H657IIO2 


■Mm 


155.U 








5H6 














408 


a4a4?30 




9836 




Caimdian oaJc, 


0.14 


43S 


51106200 


\m 


10853 






5H8 


8505884 












734 


4765750 


1457 


7388 




Aariatio oat, 


!M 


810 




l»03 














■nm 












6417266 


I5,W 






PitcfipinP, '.*.'. 


553 


500 


27afl347 


1013 






6011 


&B8 


























553 


757 


6067400 


1 Wf, 


99-17 












1 108 


10707 




M^Tr^fir: . ■ . ■ . 














im 


SKfl 


2561400 


1144 


9630 




613 


403 




vm 








411 


2465433 


653 






Do. specimen 3, 


5?M 


516 


3S0n33 


H3^1 








am 




4210830 








Do. S]WcimpQ 4, 


mt 


618 


4310030 


114') 


73113 




Norway apar, . . . 


hU 


B48 


68:i2<IOO 


1474 


ViVWS 





82 



TABLE OF USEFUL MUMBEB8. 



NombMi firsquMitlf nied in Caknlatloii. 



H7]>erboUc lonuithm of 10 = 2*302585092994045684 

SSSw°iZ?iV = M}= •484294481908251828 
Circiuiif. of a circle to oiameter 1 ) 
SmfiMje of a sphere to diameter 1 V^ 3*141592653589793 
Area of circle to radius 1 ) 

Square of 3*14159265359 = 9^869604399639 

Area of a circle to diameter 1 = 785398163397448..... 

Sur&ce of a sphere to radius 1 == 12*566370614. 

Solidity of a sphere to radium 1 =: 4*188790205. 

Square of circumference of circlo x *07957747 = area.... 

Solidity of sphere to diameter 1 = -523598775598298 

Radius equal to the arc of 57*295779513 degrees 

Ditto ditto 3437*74677 minutes 

Ditto ditto 206264*81 seconds.... 

Length of an arc of 1 second = *0000048481368 



*000290888208. 

*01745329248.... 

*0000048481368. 

*0000096962736. 

*0000145444104. 



Ditto of 1 minute 

Ditto of 1 de^ee 

Sine of an arc of 1 second 

Ditto of 2 seconds 

Ditto of 3 seconds 
A circle = 360 degrees 

Ditto = 21600 minutes 

Ditto =1296000 seconds 

One hour = 3600 seconds 

Twelve hours = 43200 seconds 

Twenty-four hours = 86400 seconds 

Mean diameter of the earth = 7912 miles 



20887680 feet. 
20921180 feet. 
365144 feet.... 
41706360 feet. 

5280 feet 

= 6075*6 feet. 



Mean radius of the earth = 
Radius of the equator = 

A decree on the equator = 
Earth's polar axis = 

English mile = 

G^graphical or nautical mile 
Time of the diurnal rotation of the earth = 86164*0908 sec. 

Length of the solar or tropical year = 365*24223 days 

Length of seconds pendulum at Edinburgh = 39*1555 in. 

Force of gravity at Edinburgh = 32*2041 feet 

Length of seconds pendulum at London = 39*1393 inches 

Force of gravity at London = 32*1908 feet 

Length of the French toise = 6*39495 imperial feet 

Ditto ditto pied =3 1*065825 imperial foot.... 

Ditto ditto metre = 3**2808992 imperial feet .. 

= 6*2138 imperial miles 

1*196033 square yard. 

2*47114 imperial acres 

35*3166 imperial cubic feet* 

15*434 imperial Troy grains 

= 1*760773 imperial pint. 

= 22*009668 imperial gallons. 

= 0*91438348 metre 

= 1609*3149 metres. 

= 0*836097 square metre 

= 0*404671 hectare 

4*64345797 Utres 

2*907813 hectolitres 



Myriametre 

Square metre = 

French hectare = 

Cubic metre = 

French gramme = 

Litre = 

Hectolitre = 
Imperial yard 
Imperial mile 

Square yard = 

Imperial acre = 

Imperial gallon = 
Imperial quarter ^ 



0-362216 
9^37784 

0*497150 

0*994300 
9*895090 
1*099210 
0*622089 
8*900790 
9*718999 
1758123 
3*536274 
5*314425 
4-685575 
6*463726 
8*241877 
4-685575 
4*986605 
5*162696 
2*556303 
4*334454 
6-112605 
8*556303 
4-635484 
4-936514 
3*898286 
7*319890 
7*320586 
5-562464 
7-620202 
3*722634 
3783589 
4*935326 
2*562581 
1*592793 
1*507911 
1*592613 
1*507732 
0-805837 
0-027686 
0-515993 
0*793358 
0*077743 
0*392898 
1*547979 
1*188479 
0*245703 
1-342613 
9-961128 
3-206642 
9-922257 
9*607102 
0-657387 
0*463566 



AfhiuMdc^ 
Compkmtt. 



9-637784 
0-362216 

9*502850 

9-005700 
0-104910 
8-900790 
9*377911 
1*099210 
0-281001 
8-241877 
6-463726 
4-685575 
6-314425 
3-536274 
1758123 
6-314425 
5-013395 
4-837304 
7*443697 
5-665546 
3-887395 
6-443697 
6*364516 
6-063486 
6-101714 
2-68O110 
2-679414 
4*437536 
2*379798 
6-277366 
6-216411 
6-064674 
7-437419 
8-407*207 
8-492089 
8-407387 
8-49*2268 
9*194163 
9-97-23U 
9-484007 
9-206642 
9-92"2-257 
9-6O7102 
8-45-2021 
8-811521 
9-754297 
8-657387 
0-038872 
6-793358 
0-077743 
0-392898 
9-342613 
9-536434 



THE END. 



Twteddale Court, H.\g\ia\.Teft\.»^^\x^\xi:^ 



